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INTRODUCTION 


The biology of fresh water is an attractive field for investigation 
both from the standpoint of ecology and from that of its practical 
bearings on the problems of fisheries. The fresh water plankton with 
its varying components forms a biological complex, or association of 
both plant and animal forms which have an intimate relation not only 
each to the others, but also to the varying factors of their environment, 
such as light, temperature, organic and inorganic substances in solu- 
tion, and to seasonal change attendant upon the run-off from the 
watershed. 

The survey of San Francisco Bay undertaken by the United States 
Bureau of Fisheries in 1912-13 in cooperation with the University of 
California afforded an opportunity to initiate a survey of the plankton 
of the San Joaquin River, one of the principal tributaries of that bay. 
My position at Stockton as teacher of biology in the High School 
afforded some laboratory facilities and also a location near the head of 
tidewater where the ultimate contributions of the stream of the bay 
could be examined and where a variety of conditions were present, 
including both the main channel, and backwaters with varying rates 
of flow, as well as a canal much enriched by sewage. 

The author is conscious not only of the serious and baffling diffieul- 
ties that attend such an attempt at a continuous piece of work but also 
of the errors which inevitably creep in, especially in the initial stages 
of such an enterprise. These errors are, however, in the main, dis- 
tributed throughout the data and do not necessarily invalidate our con- 
clusions. Such errors as occur in taxonomy are due to lack of the 
specialist’s knowledge of nomenclature and synonymy, and of his 
eritical skill in the finer distinctions of species and subspecies. The 
species as I have recorded them are at least groups of recognizably 
similar organisms. The largest source of significant error in this 
ecological study is the not improbable inclusion in such groups, of 
small numbers of less abundant or rare species of closely similar form. 
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as applying here, but some points will receive special notice for the 
purpose of comparing conditions there and here when the data will 
permit.* 


GENERAL FEATURES OF THE SAN JOAQUIN RIVER BASIN 


The writer has not yet had sufficient opportunity to collect detailed 
information on this topic. The California report by Clapp and Hen- 
shaw (1909), to the United States Geological Survey, upon the surface 
water supply gives an excellent discussion of the most important fea- 
tures and it forms the main basis for this present brief discussion. 


GENERAL CHARACTERISTICS 


Two points of difference from the typical river basin in its latitude 
are interesting characteristics of the San Joaquin. First, its drain- 
age is northwestward away from the equator. Second, it consists 
throughout of a rather deep trough with comparatively abrupt sides 
and unusually flat bottom, the level of which is repeatedly broken by the 
deltas of tributaries entering in most cases very nearly at right angles. 
The land surface varies markedly in character with the differences in 
these tributaries, but with a constant tendency to the formation of 
swamps and marshes at the lower points through the deposit of the 
lighter organic matter not left in the tributary deltas. This condi- 
tion is very prominent from some distance above Stockton on to the 
mouth of the river. Stockton itself is on the eastern border of an area 
of swampy peat land through which the course of the river can be 
maintained only by extensive systems of levees. Even then great 
stretches of the lower levels are inundated each year, and Stockton 
has the perennial problem of escaping from floods. 

It is quite evident from the foregoing that the lower valley as a 
whole is fertile, with a deep soil of good texture. The lower part is 
fairly well settled but there is as yet no adequate control of the water 
supply and an extensive area is practically undeveloped. . The few 
cities are small and far apart. None of them is so situated as to 
cause any appreciable contamination of the river water near Stock- 
ton. The whole basin is under the direct influence of the ‘“‘dry’’ and 
“‘wet’’ seasons. With its low levels, this results in sluggish, almost 
stagnant flow of the main river during the first, and a brisk flow during 
the run-off of flood waters incident to the second. 


* This paper is published by permission of Dr. H. M. Smith, commissioner of the 
United States Bureau of Fisheries. 
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LocATION 


SIMILAR GEOGRAPHIC LOCALITIES 


The San Joaquin River lies in about the same latitude as the larger 
part of the Mediterranean Sea, the headwaters of the Tigris and 
Euphrates, and a considerable portion of the Hoang Ho, both of head- 
waters and lower reaches. It extends northwest from about 35° to 38° 
N. latitude between 118° and 122° W. longitude. The main basin lies 
on the isotherm of 60° F. Similar average temperature conditions are 
found in the Potomac region of the United States, along the northern 
border of the Mediterranean Sea and in north central China near the 
coast. Stockton lies in latitude 37° 57’ 30” N., longitude 121° 17’ 30” 
W. and on isotherm 60° (15.5° C). The altitude at the steamer 
landing in mid-city is sixteen feet, according to Mr. A. L. Miner, assist- 
ant city engineer. 


GEOGRAPHIC AREAS OF MIDDLE CALIFORNIA 


The part of California containing the San Joaquin system is a 
region of great diversity, but it is quite distinctly composed of three 
parallel strips of country. There is the Coast Range at or near the 
western border of the state, the central plain known as the San Joaquin 
Valley, and the Sierra on the eastern border. The part with which 
we are immediately concerned is comprised in the eastern slopes of 
the Coast Range, 4,000 square miles, the valley, 12,700 square miles, 
and the western slopes of the Sierra, 16,000 square miles. The range 
of altitude is from near sea level in the lower valley through some 
hundreds and thousands of feet in the Coast Range and the Sierra 
foothills up to over 14,000 feet in the High Sierra. The gradient is 
slight lengthwise of the valley, very steep, commonly twenty to forty 
feet to a mile, to the Coast Range, and generally moderate to the 
Sierra, averaging nearly five feet to a mile. 


SIZE AND FORM OF SAN JOAQUIN DRAINAGE AREA 


The total length of the San Joaquin River is near 350 miles, 125 
miles from the High Sierra to the main valley and 225 miles thence 
to the outlet into Suisun bay, 50 miles from San Francisco. All the 
important tributaries are from the Sierra slopes, which consist mainly 
of granites and metamorphic rocks, sedimentary and igneous. The 
slopes of the other side are mostly sandstone, shale and conglomerates. 
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The differences in gradient partly cause an asymmetery of the 
valley floor which is made prominent by the differences of the streams 
on the two sides. Since the streams on the east side are larger, they 
have built larger deltas with a wider spread as they cross the lighter, 
longer slopes. Deltas from the two sides have united across the valley, 
cutting off the Tulare basin. For this reason water from the large 
streams at the head of the valley does not reach the San Joaquin River, 
except in years of unusual rainfall. Thus about one-fourth of the 
main basin is practically separated from the rest and this southern 
area rarely has any influence on northern conditions. 


FOREST AREAS 


There is no important forest cover in the main valley. Some of the 
higher ground in the Coast Range bears shrubbery and light timber. 
The Sierra foothills are usually well covered with grass, brush and 
scattering trees. Above the foothills is heavy timber to 10,000 feet, 
above which none occurs. The famous Sequoias occur in this region. 
National forests occupy about 65 per cent of the Sierra slopes. 


RAINFALL 


The annual rainfall varies from five to twenty inches from south 
to north along the valley. The west slope has light rainfall with simi- 
lar increase northwest. The Sierra slopes show heavier precipitation 
according to altitude, but with similar increase to northward. 


IMPORTANT TRIBUTARIES OF SAN JOAQUIN DRAINAGE AREA 


In addition to the foregoing consideration of the main river and 
the basin as a whole it is worth while to include some points concern- 
ing three or four of the principal tributaries which may have some 
recognizable influence at Stockton. 


THE KINGS RIVER 


The King’s River is the most southerly tributary that has any 
ordinary connection with the San Joaquin. Its relation is rather 
peculiar since its delta forms a large part of the barrier cutting off 
the Tulare Lake Basin from the main valley. This delta has been built 
in such a way as to carry the entire flow of the Kings River to the San 
Joaquin during low water, but most of the flood waters go to Tulare 
Lake. The altitude near the entrance of the San Joaquin is about 175 
feet according to Clapp and Henshaw (1911). 
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King’s River basin has fifty miles of Sierra divide as its eastern 
border, with some altitudes above 14,000 feet. Its length is about sixty 
miles in the mountains, with an area approximating 1,840 square miles. 
The river source consists of many little glacial lakes at the edge of 
glaciers and perpetual snow. The length of the river to the mouth 
of its canon is nearly 85 miles. 

The basin as a whole is very rough and irregular, the head espec- 
lally including the most rugged region in the Sierra. Nearly all the 
tributaries run through glacial cafions cut through solid granite. Sey- 
eral of the latter are 2,000 or 3,000 feet deep. The whole formation 
is granitic. 

The larger part of the basin is well forested up to 10,000 feet 
Most of it is in the National Forest Reserve. Precipitation ranges 
from eight to ten inches in the San Joaquin Valley to fifty or sixty 
inches in the high altitudes. Most of the precipitation of this basin is 
in the form of snow. 


THe MERCED RIVER 


The Merced River drains an area sixty-five miles in length from 
Mount Lyell on the Sierra divide (13,090 feet) down to the San 
Joaquin River. This includes a total of 1,200 square miles. The river 
itself is about 135 miles in length, with four or five tributaries of some 
importance, including the famous Yosemite Creek. Though the Yosem- 
ite Valley is the most remarkable, there are other parts of the 
basin very rough and broken, with many waterfalls and glaciated 
regions. About 850 square miles of the upper part of the basin is 
included in national forests, though there is little growth above 
12,000 feet. The annual precipitation in the San Joaquin Valley near 
the mouth of the Merced sixty or seventy miles from Stockton, is ten 
to fifteen inches and it ranges through twenty-five inches in the foot- 
hills to about sixty inches near the divide. Even in the mountains this 
precipitation occurs mainly in the rainy season, mostly as snow, the 
melting of which is most rapid in May and June. 


THE TUOLUMNE RIVER 


The Tuolumne River traverses a basin 105 miles long, two-thirds 
of which is in the mountains. The mountainous portion is about 
1,680 square miles in area. This river is 150 miles long, about 
80 miles of which is through a deep canon cut down into solid granite. 
This cafion drains numerous glacial lakes at the Sierra divide, and 
the upland meadows slightly lower down. The basin as a whole is 
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very rough, with bare, glaciated rocks of granite in the upper parts. 
Altitudes vary from 300 feet in the foothills to 12,000 or 13,000 feet 
at the divide. Upper parts have no forests, but there is a median 
belt heavily forested with coniferous trees. The lower region has only 
grass and brush, usually. There is about 1,200 square miles of National 
Forest in the mountains. Precipitation is about ten inches per annum 
in the region near the junction with the San Joaquin, 25 or 30 miles 
from Stockton. It ranges to sixty inches at high altitudes where most 
is snow, the greater part of which disappears in spring. 


THE STANISLAUS RIVER 


The Stanislaus River has a long, narrow basin, about 75 miles in 
length and an area of somewhat over 950 square miles. The length of 
the river is about 120 miles, 80 miles in the mountains. The souree is 
mainly in glacial lakes about the divide and the mouth is about 20 
miles above Stockton. The general character of the basin is quite 
similar to that of the Tuolumne. 


THE CALAVERAS RIVER 


The Calaveras River flows near Stockton and empties six or seven 
miles below the city. It has some influence in flood season on account 
of the overflow, but in this case its influence would be much the same 
as that of those already mentioned since the flood waters of all are 
essentially similar. Furthermore, the flood waters of the Calaveras 
are largely kept from the San Joaquin above Stockton by an enor- 
mous levee forming the so-called ‘‘diverting eanal.’’ 


TURBIDITY 


The turbidity of the water of the San Joaquin in the vicinity of 
Stockton at all times of the year is very characteristic. In the river 
channel this is obviously due to fine silt during the flood season but 
the plankton is the principal source in the sluggish water of late fall. 
Water in some of the sloughs sometimes becomes clear enough to 
reveal objects at a depth of six or eight feet. 


1920] Allen: Plankton of the San Joaquin River 11 


RIVER CONDITIONS NEAR STOCKTON 
RELATION OF STocKTON TO TIDEWATER 


In this connection it is doubtless worth while to reconsider the 
points already mentioned which have most obvious relation to Stock- 
ton conditions. First, we may emphasize the fact of the low gradient. 
Since the steamer landing at Stockton is only sixteen feet above sea 
level the water level must be only about eight feet above sea level for 
a considerable part of each year. Stockton is about one hundred 
miles from the Golden Gate, so the gradient to the sea is only about 
0.08 foot to the mile. This must account in large measure for the 
range of the tide, which sometimes shows a difference of something 
over three feet between high and low water in Stockton Channel. 


River GRADIENT ABOVE STOCKTON 


In the other direction, we find a rise to one hundred and seventy- 
five feet above sea level at the mouth of Kings River, probably about 
two hundred miles above Stockton. Assuming this distance as an 
approximation, we find the gradient above Stockton to average a little 
more than 0.8 foot to the mile. As might be expected from such a 
low gradient, there is a great deal of swamp land throughout the 
distanee. Formerly there was annual flooding of this low area during 
the wet season, with a good deal of deposit of silt and stirring up of 
organic matter, much of which came from the death of plants and 
animals in the preceding dry season. The definite limitation and 
constant alternation of dry and wet seasons, together with the prox- 
imity of the mountains, must have had a very marked influence on 
plankton production in the low lands under such conditions. 


OPPORTUNITIES FOR PLANKTON DEVELOPMENT 


Recently more and more of these low lands have been reclaimed 
and protected by levees. The run-off is thus materially hastened in 
flood season and there is much less opportunity for plankton devel- 
opment than Kofoid has found for the Illinois River. There is also the 
further consideration that most cases in which impounding of the 
water occurs, show rapid evaporation after river subsidence, with 
great destruction of organisms before they have opportunity to get 
into the river channel. Unfortunately, definite information as to 
areas still open and details of their seasonal history are not available. 
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At any rate, it seems that one explanation of the apparent numerical 
deficiency in plankton production as compared with the Illinois may 
be that there is less impounded water ready to develop and discharge 
plankton, and that there are no frequently occurring minor floods to 
wash out these areas. It should be stated, however, that 1913 was an un- 
usually dry year; hence the flood conditions were not typical for this 
region. 
EFrrect oF THE MouNTAINS 

The mountains probably have just as much influence on plankton 
in the river as does the character of the bottom lands. The Coast 
Range has no very extensive influence. In the main it is rather 
against plankton production. The slopes are steep and the run-off 
torrential during the heavy rains. There are not many natural reser- 
voirs such as either swamps or lakes, and the surface water is soon 
lost. Consequently very little plankton is contributed to the San 
Joaquin from these western tributaries. In facet most of them are 
dry through a large part of the year and the water they contribute in 
time of flood is so full of silt as to hamper rather than hinder plank- 
ton production in the main river. 


TEMPERATURE 


The Sierra Nevada seems to affect production in two rather im- 
portant ways. First, temperature in their run-off is rather low for ~ 
either quantity or variety of plankton in the higher areas during most 
of the year. On the other hand, there are few places for impound- 
ing the water in the lower areas and the streams move too rapidly for 
much development even on the comparatively low gradients of the 
foothills. Hence there is no very great contribution of plankton from 
any tributary. Second, the snows, glaciers, forests, lakes and swamps 
of the higher region all together constitute an enormous series of res- 
ervoirs which hold much of the water in check, not only greatly pro- 
longing the flood season, but giving a remarkably even distribution of 
flood water over a period of weeks or even months. The effect of this 
is evidently twofold, inasmuch as the volume of water hastens the 
flow of the river and so may retard production, while at the same 
time it keeps many of the sloughs and swamps sufficiently filled to 
maintain a rapid plankton output. This period of flood from the 
Sierra often overlaps the period of floods in the valley due to the 
winter rains. In other eases it follows or is continuous with the same. 
Hence there are a few rises and subsidences of the floods, almost every 
year, some of which are effective in clearing out the sloughs and giving 
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basis for a new plankton crop. The combined flood periods usually 
extend from late December to about July, after which there is grad- 
ual subsidence to the low-water conditions of sluggish flow and par- 
tial stagnation. It should be said that the term ‘‘flood’’ is here 
used to include all stages of water at Stockton which are high enough 
to keep a distinet current in the river. 

The mean annual temperature of the valley, stated as 15.5° ©, 
does not give a very good idea of the real conditions at Stockton. For 
one thing, the range in temperature in every twenty-four hours is 
considerable throughout the year. The nights are almost invariably 
cool even in late summer and by far the larger number of days 
become quite warm. The average range for the year is about 8° C and 
is about 3° C in winter and 12° C in summer. On the other hand, 
the seasonal range is not so very great. Very rarely a high tempera- 
ture near 40° C is reached in summer and a low temperature of about 
—10° € in winter. On the whole, there is good reason for thinking 
that temperature fluctuations in the San Joaquin River Basin have 
less influence than some other conditions on the general plankton 
production. 


LicHtT 


Of course the fluctuations in available light are of great import- 
ance. These fluctuations are dependent on a number of conditions, 
such as the seasonal changes in length of days, turbidity of the water, 
cloudiness, and agitation by wind. All these influences are most ad- 
verse during the winter months, coincident with adverse temperature, 
so that it is almost impossible to prove which is most responsible for 
searcity of plankton at that time. 

As already stated, the turbidity of the waters in the Stockton region 
is very great and fairly constant. During the greater part of the first 
six months of the year this is evidently due mainly to very fine silt. 
During the rest of the year the high organic content seems to have 
some influence. Although the net with its brass parts was a rather 
conspicuous object in clear water, it was never visible one meter be- 
low the surface at any station. There are, however, no data available 
for accurate determination or comparison of turbidity. 


Arr CURRENTS 


Since Stockton is in a low region adjacent to extensive swamp areas 
and waterways, it is considerably affected by fog and clouds. The 
exclusion of light from this cause is quite important in the course of 
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the year. Being located almost opposite the Golden Gate, this region 
is also under almost daily influence of distinct air currents. These are 
very frequently strong enough to make the water surface quite rough 
and there is scarcely a day that it is not made ripply for some hours. 
This also causes important loss of light throughout the year. 


CxHeEmMIcAL ConpiTIons Not Sruprep 


No definite data are available as to the chemical composition of 
San Joaquin waters. Hence discussion of this important factor must 
be deferred. 


TIDE 


The ocean tide is very much in evidence at Stockton, but the avail- 
able data are not adapted to satisfactory study. The extreme range 
is about three feet, but that does not oceur very often. The only local 
records were those from a private tide-guage kept by Dixon Brothers 
Transportation Company. These records were made very irregularly 
in connection with the movement of their barges and cannot be used 
with much confidence in this discussion. 


AQUATIC AND MARGINAL VEGETATION 


No definite study has been made of the aquatic and marginal vege- 
tation of this section. The ocasional dredging of all larger water- 
ways has kept down such growths in the places most accessible locally. 
Hence the following list must be regarded as incomplete. It is cer- 
tainly inadequate so far as the typical delta flora is concerned. 

‘Chara sp. oceurs abundantly in some of the ditches and narrow 
waterways. It has not been observed in the river or in the larger 
canals, possibly because of the dredging. Where found it furnishes 
extensive lodging places for myriads of microscopic animals and 
plants. 

Duckweeds, probably Lemna gibba L. and Lemna minor l., are 
very conspicuous in the fall in quiet nooks and ditches. 

Typha latifolia lu. is very abundant in a few places and is fre- 
quently found in small groups along any water margins. 

Alisma plantago L. is said to be common. 

Sagittaria is common and three species at least occur in this region. 
Apparently S. latifolia Willd is most frequent, though S. greggii J. G. 
Smith, and S. sanfordii Greene are more characteristic of the locality. 

Urtica holosericea Nutt. is very abundant on most undisturbed 
levees and water margins. 
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Jussiaea californica fills some quiet sloughs and canals with an al- 
most impenetrable mass of stems. 

Scirpus lacustris L., is by far the most conspicuous plant in the 
marshes and shallow waters from one end of the valley to the other. 

Carex marcida Boott. covers large areas of ground where the soil 
remains saturated though not completely submerged through most of 
the year. 

Anemopsis californica Hook. occurs in temporary marshes and is 
peculiar to the rainy season. 

The most abundant willows are Salix nigra Marsh., S. lasiolepis 
Benth., and S. fluviatilis Nutt. Although abundant by natural propa- 
gation, they are frequently planted along the levees to help to hold the 
dirt in place. 

Populus fremonti Wats. is common along the water courses, but 
not abundant. 

Rwinex salicifolius Wats. is conspicuous in marshy ground, espec- 
lally in the heavy loam and peat soils. R. occidentalis Wats. and R. 
Crispus are also prominent. 

Polygonum amphibium L. occurs in the ditches and narrow water- 
ways. So far as observed, it furnishes remarkably good shelter for 
minute animals and plants. 

Ranunculus aquatilis L. is exceedingly abundant in small areas at 
times, forming dense mats in shallow water. 

Nasturtium officinalis is reported as common, but it has not been 
observed by the present writer. 


THE COLLECTING STATIONS 


Three collecting stations were used. Plate 20 Station I was located 
in Stockton Channel at the foot of Yosemite street. This is about one 
mile and three-quarters from the river; four hundred yards from 
Mormon Channel outlet and three-fourths of a mile from the steamer 
landing at the head of Stockton Channel. There was a good deal of 
sewage coming down this channel. Mormon Channel was an open 
cesspool during most of the year. Hence this station seemed to be 
fairly typical for the study of organisms in dilute sewage. 

Station II was in the river, from four hundred to eight hundred 
yards above Stockton Channel, and it represented as nearly natural 
river conditions as could be found in this section. 

Station III was in Smith Canal about four hundred yards from 
the river. There was a small amount of sewage coming down this 
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canal from the outskirts of the city. There was also a small slough 
about one hundred yards from the place of collecting. The general 
similarity to river conditions was well marked. 

Station IV was not used in this series. 

Stockton Channel and Smith Canal are more subject to disturb- 
ance by prevailing winds than is the river. Smith Canal being shal- 
lowest, Station III was probably most affected. 

Stockton Channel was vastly more disturbed by river traffie thaa 
either of the other stations. Smith Canal was rarely affected in this 
way. Station II, in the river, was probably not stirred up one-tenth 
as much as Station I. 

The turbidity of the water was least at Station III during 1913, 
and greatest at Station II. But Station III was never clear and the 
turbidity was not much less than at Station I. 

Since the times of taking the temperatures at the various stations 
varied by an hour or more, an accurate comparison is impossible. The 
observer, however, always expected to find the highest temperatures 
at Station I, and the lowest at Station II and something between these 
at Station III. 

There was no vegetation of consequence near Station I, but the 
levees were heavily covered at both the others. No aquatic vegetation 
occurs at any of the stations. 


River CuRRENTS AND DEPTHS 


Tidal currents were sometimes very noticeable at all the stations, 
but strong currents of any sort were very rare except at Station II, 
where they were noticeable for several months during the spring and 
early summer. The highest estimate placed on the rate of the river 
current in 1913 was four miles per hour. River transportation men, 
notably Captain Curry of the Island Transportation Company, say 
that five miles per hour is often reached during the heavier floods. 

The least depth of water noted at the stations at low tide was about 
one and one-half meters at Station I, two and one-half meters at Sta- 
tion II and one meter at Station IIT. 


COMPARISON OF STATIONS 


The general form of the three channels is somewhat different. The 
bed in all cases seems to be a clay with variable superimposed ooze. 
Stockton Channel is a straight canal ending blindly at the steamer 
landing, ‘two and one-fourth miles from the river. It is nearly the 
same width throughout, probably two hundred feet on the average. 
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Its flow is westward. Mormon Channel empties into it about half way 
up on the south side. Miner Channel, after traversing the city as an 
open ditch, empties into it through McLeod’s Lake about three hun- 
dred yards from the steamer landing. McLeod’s Lake is merely a 
broad slough some four hundred yards in length. It was almost 
filled with arks and boat houses during 1913. All sorts of rubbish 
and refuse were dumped into Miner Channel and McLeod’s Lake at 
that time, including some sewage from factory drains and some refuse 
from the tannery. 

The river channel is very crooked. The general direction is north- 
east for about one mile above Station II. At Station II it is nearly 
east, but within another half mile it has turned to the west. The width 
is kept fairly uniform by dredging and it probably averages one hun- 
dred and twenty feet near the station. 

Smith Canal is a straight channel about sixty feet wide and two 
miles long, ending abruptly at the northwest city limits. An open 
ditch across the northern edge of the city carried waste water from 
certain gas wells and some sewage directly into its upper end, during’ 
most of 1913. This ditch was also partly filled with rubbish and 
garbage. 


METHODS OF SECURING DATA 
TIME OF COLLECTING 


Most of the collections at Stations II and III were taken at seven- 
day intervals, at week ends. There was occasional variation of a day 
or two. Collections at Station I were made twice a week. The mid- 
week collection was usually on Wednesday. In a few eases there was 
a change of a day or two in the interval, but there was no failure to 
make two collections in any week. 

One series of daily collections was taken in Stockton Channel for 
one month in July and August. Another series of hourly collections 
was taken for twelve hours in Smith Canal about one mile from the 
river. The plankton content was slightly different from that of the 
regular station in Smith Canal, but this was not realized at the time 
the series was being taken. The difference is not great enough to 
prevent instructive comparison. 

The time of day at which collections were taken was very variable. 
Most of the midweek collections were taken after school in the late 
afternoon. Most of the week end collections at all stations were taken 
in the forenoon. 
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THE Form or Net 


The first few collections in January were obtained with a tem- 
porary net made of used mill silk. But a net, of number 25 new bolt- 
ing silk, was put into use on January 15, 1913, and was used con- 
tinuously to January 1,1915. There were oceasional changes of drain 
cups. 

The net was constructed after a plan suggested by Professor C. A. 
Kofoid. Outspread, its general form is that of a very broad and 
short truncated cone, the base having a total cireumference of 166.65 
centimeters and the apex 17.59 centimeters. The slant length is 60 cen- 
timeters. In order to avoid the awkwardness of such a shape, eight 
equal folds are made lengthwise and their upper edges closed. The 
inner points of the folds are then fastened directly to a brass ring of 
proper size. The outer points of the folds and an unfolded part be- 
tween each two is bound by butcher’s linen to a slightly conical brass 
plate with an opening in the middle which will pass just 10,000 eubie 
centimeters of water for each meter hauled, i.e., 100 square centimeters 
area. The convex surface of this subeonical plate is kept outermost, 
so that in hauling the water may all pass away from the opening, 
except that which is in the column immediately before it. 

A small brass cylinder is fitted into the small end of the net and 
fastened there by butcher’s linen. Smooth grooves on the outer sur- 
face of the cylinder, near each end, serve for securing it to the net as 
well as for attaching the drain cup to the distal end. 

This drain cup is made of the same silk as the net. It is a very 
simple pocket, about 5 centimeters deep, made of two semicircular 
pieces sewed together by the cireular edges. The straight edges thus 
form the top of the eup, just large enough to slip over the end of the 
brass eylinder. The size was not kept quite uniform but the filtering 
surface of this cup averaged about 100 square centimeters in 1913. 
A draw string of white tape is run around the margin of the cup and 
fastened by a small hook and eye, such as is used by dressmakers. 
The draw string makes it possible to slip the cup over the cylinder end 
without tearing. The hook and eye, when properly adjusted, makes a 
very secure fastening, easily and quickly opened or closed. 

The total net surface before shrinkage was 5,527.20 square centi- 
meters, not including the drain cup. The total filtration opening as 
ealeulated from micrometer measurements was 690.9 square centi- 
meters. This gives a filtration outlet somewhat more than six times 
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the area of the inlet to the net. Before using, the net was placed in 
warm, soapy water and gently rinsed in order to induce uniform 
shrinkage. 

The drain cup was removed after each haul and the contents washed 
off into a small pail. Some organisms clung very tenaciously to the 
net and vessels. This was especially true of the stentors and some 
rotifers. The water in the pail was strained through a silk cup at 
the end of the collection. 


THe AmounNT oF Haun 


The standard collection covered an aggregate haul of twenty-five 
meters. Sometimes it was not possible to make a full collection. Ona 
few occasions the light was too poor to make a full midweek collection. 
At these times it was usually possible to take half the usual haul. On 
still- fewer occasions the silt clogged the net so badly in the river that 
only about one-fifth of a standard collection was taken. Even so it 
seemed that the net would surely break before it draimed. Drainage 
of the net was always hastened by shaking the net slightly or by 
working it with the fingers. 

Most hauls at Station I were at the depth of three meters ; at Station 
II, four meters, and at Station III, two meters. Sometimes five meters 
could be taken at Station II. On the other hand there were times 
when only one meter could be taken at Station III. Most hauls in the 
river were taken while drifting. Most hauls in Stockton Channel and 
Smith Canal were taken while at anchor. Except on one occasion all 
hauls were made by the same person. The net was always hauled as 
nearly as possible at such a speed that it would just fail to throw water 
from its mouth as it broke the surface. This was about one-half meter 
per second, All hauls were as nearly vertical as possible. No par- 
ticular effort was made to get in midstream at any time. In fact some 
collections were taken near the bank because of deeper water there. 
A few collections were taken from boat landings when the writer’s 
motor boat was not in working order. 


RECORDS 


Records were kept of the temperature of air and water at each 
station. The air temperature was taken first and it was always taken 
in the shade without much motion. The water temperature was taken 
by holding the bulb from one to three inches below the surface of the 
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water and reading while in that position. Temperature was forgotten 
once during the year and on a few occasions it was taken at some 
distance from the point of collection. This was usually when there 
was a high wind that made any appreciable variation improbable. 

The condition of the tide was recorded when it could be detected. 
Dixon Brothers’ Tide Record is of some value for comparison, but it is 
so fragmentary that it cannot be depended upon. Corrections for this 
locality from the United States Tide Tables are of some value. 

Records were kept of cloudiness, rain, fog, wind, roughness of the 
water, etc., at the time collections were being taken. 

The hour and minute of collection was regularly recorded, usually 
at beginning and end. 


PRESERVATION OF MATERIALS 


The collections were preserved in formalin in four-ounce, cork- 
stoppered bottles of the so-called vaselinetype. The formalin was not 
measured accurately, but it was intended to be from 6 to 10 per cent. 
The stronger solutions were used for the heavier collections. The 
formalin for one collection was forgotten until two days after it was 
taken, but so far as known that is the only serious error. The total 
number of collections during 1913 is 242. The year 1913 was very dry 
with very little flood water at any station. On the contrary, the 
water was unusually low much of the time. For this reason it would 
not show the local plankton range and distribution most typically. 
But there were some features strikingly similar to river conditions in 
other parts of the world, and it will make a good basis of comparison 
with 1914 which was a wet year. 


TESTS OF SALINITY 


In spite of the low water it is not at all probable that sea water 
ever had any influence here except in causing tides. Surface samples 
of San Joaquin River water were taken at Station II at about the 
twentieth of each month. These samples were titrated for chlorine 
content by the scientific staff of the U. 8. S. ‘‘Albatross’’ and their 
report is presented herewith. It is given in parts of chlorine per 1000. 


0.0280 July 19... 

0.0745 Aug. 21 .... = 

0.1025 Sept? 0.1764 
0.1689 Octa Al 9). 0.2352 
0.0032 IG ieee es 0.6600 


0.0072 Dec 2042 0.1404 
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The most probable explanation of the variation shown is that the 
incoming tide carried some of the polluted Stockton Channel water up 
stream when the natural stream flow was very weak. No other tests 
of the chemical composition of water at any station are available. 


MEASUREMENT OF VOLUME 


In order to measure the mass of material secured in the collections, 
a Bausch and Lomb hand centrifuge was used. The sedimentation 
tubes were graduated to tenths of a cubie centimeter. This machine 
makes 23 revolutions to each turn of the crank. After a few trials 
it was decided to run at 54 turns per minute. While no amount 
of practice made uniform speed possible, the average was kept at 
about 1300 revolutions per minute. The time of running was four 
minutes. Experience indieated that this was a little longer time than 
necessary, but it was undertaken with the intention of compensating 
for any possible inaccuracy due to variation in rate. Since this indi- 
eated only the mass of material held by the net, it was necessary to 
make some supplementary test to determine as nearly as possible what 
volume went through. Only two or three such tests were made because 
of the pressure of other duties, but the indication from filter paper 
tests is that the net sometimes retains only one-tenth of the mass of 
material actually present in the water. This material is often com- 
posed principally of silt. 


THE ENUMERATION 


After considerable experiment, the count of the organisms in the 
catches was begun in September, 1914. Since the time available was 
nearly always at night, almost all the counting was done by artificial 
light from an ordinary 60-watt, frosted, incandescent globe. Only 
rarely was it possible to make two counts in one day. Hence the enum- 
eration was not finished until the night of June 18, 1915. 


APPARATUS 


The microscope used throughout was a Spencer with 16 millimeter 
objective and 8x ocular. It was equipped with a quick screw sub- 
stage and a Spencer mechanical stage. The Whipple ocular micro- 
meter and the Rafter counting cell were used. Its largest square coy- 
ered 1.1 square millimeters with the above lens equipment, so that the 
labor of calculating was slightly increased by the fractional area. 
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PROCEDURE 


STANDARD CONCENTRATION 


In preparation for counting, all catches were first brought to a 
volume of 100 cubie centimeters by addition of water or, in a few 
cases, by decanting some fluid. If the concentration was too great at 
this volume, dilution was made to 400 or 800 or 1,600 cubic centimeters. 
No other quantities were used because the inerease in difficulty of eom- 
putation would offset the difficulty in counting. This was due to the 
fact that the above quantities were used often enough to make the for- 
mation of computing tables useful for them. 


METHOD OF FILLING SEDGWICK-RAFTER CELL 


In the process of filling the cell after thorough mixing a little more 
than 1 cubie centimeter was taken quickly into a pipette. The cell was 
then filled as rapidly as possible until the cover slipped into place. This 
never occurred completely until there was a slight excess of fluid. The 
excess was immediately taken back into the pipette, leaving the cover 
glass flat. The possibility of some error is evident, but experiment in- 
dicated that this method gave more even distribution in the cell than 
any other and that errors were not appreciably more frequent than 
those attending other methods. The method was followed throughout 
the whole series and every detail was handled by the writer, so that 
there must have been practical uniformity. This would certainly re- 
duce the significance of any error which may have been incident to the 
method. 


MAKING AND RECORDING THE COUNT 


After filling the cell satisfactorily, a rapid survey was always taken 
in order to estimate the relative amounts of plankton and non- 
plankton. The estimate was then recorded in percentage of silt. With 
these preliminaries completed, the work of counting was begun, fifty 
fields being always counted. This made a total of 60.5 eubie milli- 
meters. Counting was begun on the proximal side of the slide at 
point 32 on the lateral scale of the mechanical stage. The field next to 
the wall. of the cell was not counted, but the next five were taken con- 
secutively. This process was repeated at point 16, then at point 80 
on the proximodistal scale at the right end of the cell, followed by 
point 87. Points 16 and 32 distal, 87 and 80 left, were then taken in 
order. The detail count was completed by ten fields from point 15 to 
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27 in the median line of the cell. The whole count was completed by 
running over exactly half of the cell looking for strays and for a check 
on larger organisms which might be irregular in distribution. After 
a year’s experience the writer is inclined to think that twenty-five or 
thirty fields would be sufficient for the detailed count in view of the 
half-slide check. At any rate he is satisfied that the possibility of 
error in counting will rest elsewhere than on the method of selecting 
areas for counting. It might be said too, that the year’s experience 
indicates that the method of filling the cell gives as uniform distribu- 
tion of plankton in the cell as can be hoped for in any ease. 

The method of recording the count was almost uniform. Mrs. 
Allen sat near the microscope and wrote down names or made check 
marks as the names were called. In two or three cases about half the 
catch was recorded by the writer while himself counting. On about 
ten vecasions he recorded as much as ten fields in hike manner. These 
were the only exceptions. Occasionally the writer called the name of 
one planktont when another was intended, the mistake being noticed 
because it did not sound right. It is altogether probable that some 
such mistakes were made which were not noticed. In addition to this, 
of course, we must recognize the presence of clerical errors not humanly 
avoidable in such a mass of material. It can only be said that all 
reasonable precaution has been taken to avoid them. 


CoMPUTATION AND TABULATION 


After recording, the counts were computed for a full cubic meter, 
and then tabulated by key sheets, such as suggested by Professor 
Kofoid in his Illinois report. From these sheets they were finally 
transferred to the statistical tables. 


IDENTIFICATION OF ForRMS 


Identification of species, or even genera, was very difficult in 
many cases. This was due to several conditions. First, the preserved 
planktont was often very different in appearance from the living speci- 
men. Second, many kinds had very marked tendeney to coherence 
or agglutination in formaldehyde. Third, many of the smaller organ- 
isms were hidden wholly or in part by silt or by larger organisms. 
Fourth, many different organisms have the same appearance in very 
young stages; they also resemble mature stages of simpler forms. 
Fifth, distinctive characters were frequently invisible in the position 
found in the Rafter cell. Sixth, many forms were not sufficiently 
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figured and described in the literature immediately available for use. 
Seventh, much of the accurate identification of plankton forms would 
require long time and careful work, even for specialists in the various 
groups. The writer was hampered by lack of time and experience 
in identification in all groups. Eighth, the synonymy is confusing. 
This, however, is rather an aggravation than a difficulty in the 
sense of the foregoing. 

This list certainly seems imposing as stated. As against it, the 
following facts should be noted. First, that more than one year was 
spent in studying the living materials, with both 16 millimeter and 4 
millimeter objectives, before there was any attempt to count. In 
this way, sufficient familiarity was obtained with many forms to 
enable identification even in much contracted, distorted and broken 
conditions. Second, that most of the names as finally applied meant 
something definite to the writer, even though there might be error in 
their specific application. While this fact is unfortunate for the 
specialist who may wish to know exactly what species are present, 
it surely leaves the possibility of drawing some valuable conclusions 
as to seasonal changes, plankton rhythms, and relative numbers. 
Third, there were enough prominent planktonts, easy to identify, to 
make a good foundation for a report on plankton characteristics of 
this region at such stations as were selected. Fourth, those plank- 
tonts hardest to identify were mostly of the kind which would be 
largely lost through the meshes of the net, or which were adventitious 
and so of minor importance in solution of the greater problems of 
plankton production and distribution. Fifth, the various totals are 
not much affected by specifie errors of identification. 


ESTIMATION OF SILT 


In estimating the percentage of silt, the same possibility of error 
was noticed as that mentioned by Kofoid (1908), 1e., some of the 
material, being floceulent in character, would appear unduly prom- 
inent in the Rafter cell; whereas, the compression of the centrifuge 
would make it relatively small in the volumetric record. While it 
seems probable that differences in the stations and in seasonal condi- 
tions give this error some real importance, there appears to be no way 
of avoiding it. There may be some compensation in the fact that 
with larger quantities of sediment there is usually a larger propor- 
tion of heavy materials, thus making the compressible materials less 
conspicuous. 
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THE CLOGGING OF THE NET 


The clogging of the net is undoubtedly an important factor affect- 
ing the catch and it was also quite variable under 1913 conditions 
here. Hence some designation of its probable condition is very desira- 
ble. In spite of this it was finally decided to ignore it for 1913 at 
least. This is because too few filter paper, or other supplementary, 
catches have been made to give adequate ground for estimation. 


VOLUMETRIC DATA 


There is not a great deal to say on this topic as yet. The main 
points are distinctly shown by plate 1 and table 6. The two most 
interesting points, in the light of such investigations elsewhere, are 
that only Station I shows a very distinct vernal pulse and that the 
autumnal pulses are most prominent at all stations. This statement 
needs some qualification since there was a higher maximum shown at 
Station I in March than in the fall. This vernal pulse was, however, 
so very abruptly developed, and the autumnal so very gradually, that 
it seems natural to assign the greater importance to the latter. At 
neither of the other stations does the vernal pulse compare in magni- 
tude with the autumnal. Indeed, at Station III, there is no well 
marked, vernal pulse. 

It is worthy of note that volumes appear least variable at Station 
IT and most so at Station Il. It might, at first thought, seem that 
this was owing to the uniformity of food supply at Station I, caused 
by the constant inflow of sewage throughout the year. Closer exami- 
nation of the records suggests, however, that variation in speed of 
currents in the river, together with the dilution due to flood waters 
is more potent. This estimate of the importance of the current as a 
factor is supported by collections made in the San Joaquin River 
near Fresno, California, in August, 1916. Although this was the 
season for maximum occurrence of plankton at Stockton, not enough 
was taken by the net at Fresno to be measurable volumetrically with 
any accuracy. Since the current at Fresno is about as rapid in the 
dry season as at Stockton in flood season, it seems certain that it has 
a profound influence. Still the importance of the uniform food sup- 
ply at Station I must not be minimized. 
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The whole series of collections for 1913 is now (1916) in the per- 
manent possession of the Department of Zoology of the University of 
California. 


ORGANISMS FOUND IN SAN JOAQUIN PLANKTON 
DEFINITIONS 


Professor Kofoid’s definitions are followed as closely as possible, 
although only a few terms will be used. This report designates only 
three types of planktons, i.e., the continuous, the periodic and the 
adventitious. No closer distinction is advisable in view of the writer’s 
lack of definite knowledge of life histories of various species. There 
has been no difficulty about the application of the general term 


’ 


““plankton’’ to the typically mixed population of minute lving 
things found in these collections, because there was no case observed 
in which the plant or animal seemed distinctly out of place. It might 
be rare, and perhaps evidently ill-fitting, but in no way could its 
presence be regarded as surprising. Hence it becomes perfectly 


natural to apply the term collectively to all the organisms found. 


CoMPONENT ForMsS 


A total of 471 planktonts was listed during the year, though only 
396 were recorded from the preserved material. The number of 
species present was doubtless much greater. Those not recorded were 
found only in the living material and in small numbers. Of those 
recorded, some forms which might be distinct species were placed 
together in one because they could not be distinguished during the 
count. This lack of distinction was sometimes due to the inadequate 
preservation or to the rarity or to the difficulty of identifying specific 
characters while counting. Others were placed together because 
the writer’s acquaintance with them was not sufficient for definite 
recognition. Very many were simply referred to the genus without 
attempt at species segregation because identification was too difficult 
to be undertaken in the time available. The question of probability 
of proper identification will be taken up in the detailed discussion 
of each form. 
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THE PRINCIPAL TYPES OF FRESH WATER PLANKTON 


Among the 396 forms recorded and counted in the preserved 
material, 201 were thought to be positively identified as to genus, of 
which number 107 were also satisfactory as to species. The generic 
designation of most of the remaining 195 forms was regarded as 
probably correct though some were merely referred to the nearest pos- 
sible genus or species according to the information at hand. The 
following table gives the general distribution of these forms among 
the three stations. 


At three At two At one 

stations stations station 
PN Cate ee ee ete ree ere 90 29 53 
HFT OL OZ 0 Sareea acces cae eee meceneemeeneeses 26 37 
Rotifiera, cece prec Be 11 26 
CTS ta Cea ecen sete ceneeere nn seee ss 2 2 
Miscellaneous 1 8 
NT OL aah aeccecrce-cecneseesescaeenswereee sear 69 126 


As might be expected of those found at only two stations most are 
from stations I and II. Those found at only one station are of the 
rarer, less conspicuous kinds. 

This table shows the main characteristics 1.entioned by Kofoid 
(1908) as distinguishing fresh water from marine plankton. It may 
be well to enumerate his main points as verified in the present study. 
The plankton consists of eryptogams and invertebrates, with some or- 
ders missing and the others very variable in numbers of representa- 
tives. Larval forms are very few and the number of invertebrate 
groups much less than that of the sea. The small size of organisms in 
fresh water is also a conspicuous feature. There are no large ecrus- 
taceans, no coelenterates, no mature mollusks, few worms, no tuni- 
cates or radiolarians, to make diversity such as that of the sea. In 
spite of the smaller size of the organisms in fresh water their total 
mass is much greater than that in the sea. The highest amount recorded 
here is 18 eubie centimeters per cubic meter; the smallest 0.28 cubic 
centimeters per cubie meter; while a typical marine product is stated 
as 0.12 to 0.48 cubie centimeter per cubic meter. The San Joaquin 
production noted was taken from net hauls only, the maximum from 
Stockton Channel, the minimum from Smith Canal. Filter paper 
catches show ten times the recorded volume in some eases. 
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Masor Groups oF PLANKTON 


ALGAE 


No plants higher than the algae have been found in these collee- 
tions. Very few bacteriaceae were found because of their small size. 
Very few schizophyceae were conspicuous in 1913, though the num- 
bers of individuals were sometimes large and the total quantity suf- 
ficient in late summer.to give characteristic color to the waters. Bacil- 
lariaceae were always present and usually in large numbers. Many 
of them are doubtless adventitious. Chlorophyceae were not prom- 
inent, though some were present throughout the year. The conju- 
gatae were not represented by many species and the numbers were . 
few. 


ZOOPLANKTON 


Almost all the zooplanktonts found were included in the three 
groups Protozoa, Rotifera and Entomostraca. Other types of ani- 
mals are decidedly rare. 

Amongst the Protozoa, Ciliata and Mastigophora predominate. 
The group Mastigophora is meant to include the same organisms as 
comprised under that head by Kofoid (1908), 1.e., ‘‘all green and 
brown flagellates, sometimes classified with the Chlorophyceae and 
’? Rhizopoda were usually present but in small num- 
bers. Heliozoa were rare except for one or two smaller forms which 
kept up rather large totals for the group. Suctoria were rare. No 
Sporozoa were recognized. Ciliata were distinctly more noticeable in 
the dilute sewage of Stockton Channel than at either of the other 
stations. 

The Rotifera were even more prominent inhabitants of Stockton 


Phaeophyceae. 


Channel than the ciliate Protozoa, but their numerical superiority 
may have been due to larger size and consequent capture by the net. 
The numerical difference at the other stations was not very marked. 
There is no question that their considerable size and large numbers 
entitle them to the leading place among analytic organisms assigned 
by Kofoid (1908) to the Illinois Rotifera. The greater abundance in 
the sewage laden water is, however, rather against his suggestion 
that they may be found to be more characteristic of river than of 
lake plankton. Local conditions indicate sewage or at least organic 
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content as being a deciding factor. Apparently, most of the species 
recorded here are to be regarded as normal constituents of the local 
plankton. 

With the exception of three or four specimens of Gammarus 
found on two different dates, and of a few miscellaneous forms, the 
Entomostraca are far the largest of the local planktonts. While much 
less numerous on the whole than they were in the Illinois River, they 
undoubtedly play a large part in the life of our waters. Copepoda, 
through larval forms, are distinctly in the ascendant, with Clado- 
cera somewhat scattering and Ostracoda barely represented. Most of 
the forms found appear to be true planktonts. In fact, Cypris, the 
sole member of the Ostracoda, is the only genus which is evidently 
adventitious. 

Turbellaria, Oligochaeta, Hexapoda, Hydrachnida, Gastrotricha 
and Bryozoa barely find representation at any station. Their influ- 
ence in the plankton is neghgible. 


TOTALS OF MAJOR GROUPS 


The following table of averages (text table I) will serve to indi- 
cate in some measure the proportionate representation in the San 
Joaquin plankton of the most typical constituent groups. As already 
noted elsewhere, 1913, was a comparatively dry year so that the 
production in most cases was probably below normal. The figures 
given are the result of the count of individuals, except in the ease of 
colonial forms such as Bacillaria, Synura and Scenedesmus where the 
colonies only were counted. The small numbers as compared with 
Kofoid’s similar table (1908) for the Illinois plankton of 1898 is 
mainly due to the fact that all San Joaquin enumerations are from 
silk net collections, whereas many of his were from filter paper 
catches. Our table includes all recorded forms whether satisfactorily 
identified or not. It should be noted that in the total of synthetic 
organisms Schizophyceae are included because they do some of that 
work. All of the Mastigophora are also included because there was 
not sufficient acquaintance with them to distinguish synthetie and 
analytic forms and it was understood that most of them found here 
were synthetic. The averages are computed on the basis of 104 
catches for Station I, 52 for Station II and 51 for Station III. The 
daily and hourly series are not included in the general discussion 
except as incidentally referred to. They require separate discussion. 
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Text Taste 1.—Torau Puanxtonts ny Mayor Groups 


Number 
of 
forms 
Total Phytoplanktonts. 85 
Bacteriaceae....... 2 
Schizophyceae 15 
Chlorophyceae..... 15 
Bacillariaceae.. 47 
Conjugatae... ; 6 
Total Zoéplanktonts ae ESI 
Mastigophora........... 25 
Rhizopoda 13 
eligz0ae 5 
C@ilistatetcn..ct. es «29 
Suctoria.... . eae 3 
Total Protozoa........... 75 
Rhizota........ 2 
Bdelloida.... 6 
Ploima......... 47 
Total Rotifera..... 55 
Cladocera... See 3 
Copepoda........... 4 
Total Entomostraca i 
Miscellaneous... 4 
Total planktonts 
enumerated. 226 
Vat ebiCmre mes 
PATI SUliVLC Rhea erckc te cates eines 


Station I 
Total Average 
2,720,856,600 26,162,100 
1,696,364 16,310 
166,755,148 1,603,414 


188,417,098 
2,351,342,460 
12,651,930 
1,102,116,740 
385,691,226 
17,402,198 
38,583,488 
98,463,242 
79,296 
540,219,450 
156,992 
36,328,460 
467,115,946 
503,601,398 
400,992 
57,856,500 
58,257,492 
38,400 


3,822,973,340 
3,104,857,862 
718,115,478 


1,811,722 
22,609,062 
121,653 
10 597,272 
3, 708, 569 


5,194, 416 
1,509 
3491312 
4,491,499 
4,842,320 
3,855 
556,312 
560,167 
369 


Number 


of 
forms 


Text Tasie 1.—Tortau PLANKTOoNTS BY Masor Groups—Continued 


Number 
of 
forms 
Total Ebytoplanktonts. 93 
Bacteriaceae... 1 
Schizophyceae .. 16 
Chlorophyceae........... 13 
Bacillariaceae.......... 05 
Conjugatae................ 8 
Total Zodplanktonts...... 108 
Mastigophora.......... aE 25 
Rhizopoda...... Ee 11 
Heliozoa...... 4 
Ciliata...... 17 
Suctoria... asthe 2 
Total Protozoa.......... 59 
Rihizotaeewe.2-= -< < 3 
Bdelloida. 3 
Ploima... 33 
Total Rotifera... 39 
C@ladocera.............. 3 
Copepoda.................. 3 
Malacostraca 1 
Total Entomostraca U 
Miscellaneous............ 3 
Total Planktonts 
enumerated.......... 201 
Shiels] ONG, « asccreccceenpeoreeeeo EEE 


Am ally Giclees. :-0 


Station IIT 

Total Average 
2,090,812,294 40,996,318 
116,992 2,294 
99,840,742 1,957,661 
91,241,112 1,789,041 
1,878,169,822 36,826,859 
21,443,626 420,463 
253,153,822 4,963,800 
134,216,822 2,631,702 
14,706,624 288,365 
14,003,600 274,580 
22,003,692 431,445 
409,984 8,039 
185,340,722 3,634,131 
1,539,424 30,185 
2,897,100 56,806 
61,996,492 1,215,618 
66,433,016 1,302,609 
469,040 9,197 
742,032 14,549 
20 Whsesseastces 
1,211,092 23,746 
168,992 3,314 


2,343,966, 116 
2.225,029,116 
118,937,000 


45,960,118 
43,628,020 
2/332,098 


Number 
f 


oO: 
forms 


53 


wr : wo 
NWSAIW! Doone 


31 
Station II 

Total Average 
2,216,347,628 42,622,068 
1,035,072 19,905 
67,219,364 1,292,680 
77,972,944 1,499,479 
2,052,872,514  39,478.317 
17,247,734 331,687 
229,332,166 4,410,230 
136,713,846 2,629,112 
7,842,488 150,817 
13,376,096 257,232 
23,291,268 447,909 
467,776 8,995 
181,691,474 3,494,065 
1,933,424 37,181 
2,449,472 47,105 
41,559,652 799,224 
45,942,548 883,510 
384,000 7,384 
770,768 14,822 
1,154,768 22,206 
543,376 10,449 
2,445,679,794 47,032,298 
2,352,026,402 45,231,275 
93,653,392 1,801,023 

Daily 

Total Average 
1,018,801,028 32,864,549 
115,392 3,722 
80,574,044 2,599,163 
67,560,712 2,179,378 
869,719,232 28,055,459 
831,648 26,827 
335,441,120 10,820,681 
57,456,320 1,853,429 
3,155,872 101,802 
19,193,826 619,156 
40,488,334 1,306,075 
es 352 3,880, 462 
"8,745,752 120, 831 
165,007,160 5,322,812 
168,752,912 5,443,643 
230,400 7,432 
46,141,056 —1,488)421 
46,371,456 1,495,853 
22.400 723 
1,354,242,148 43,685,230 
1,076,257,348 34,717,978 
277,984,800 8,967,252 
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Text TaBLe 1.—TotTat PLANKTONTs BY Masor Groups—Concluded 


le Hourly 
5 ire 
forms Total Average 

MotalBhytoplamktontisaesccccssecestseec anes 61 476,644,270 32,172,832 
Bacteriaceae............ Sh ae Peat 3 ace, RRR REPANEE S 1 112,192 8,630 
Schizophyceae.. Ube Peer nro ed ae Te NS 12 64,886,064 499,123 
Chlorophyceae............ Gc dovssteaeckzsh stensghseacres eee 10 22,150,470 1,703,883 
Bacillariaceae.. 32 377,380,220 29,029,248 
Conjugatae............. ; 6 12,115,324 931,948 

Total Zodplanktonts... ee ee 72 179,588,061 13,814,465 
Mastigophora..... Po basen 15 51,114,592 3,931,892 
Rhizopoda.... ne 8 5,160,360 396,950 
Heliozoa.... Sees 2 4 5,739,216 441,478 
Gata Ce Oe iss ettivssrntnest 6 40,775,578 3,136,583 
Suctoria............. 1 25,600 1,969 
Total Protozoa... 34 102,815,346 7,908,872 
RDI Zz0taee. ease 3 209,888 16,145 
Bdelloida... 2 2,930,384 225,414 
Ploima.. 29 70,717,563 5,439,813 
Total Rotifera 34 73,857,835 5,681,372 
Cladocera........ 2 451,776 34,752 
Copepoda........... 2 2,463,104 189,469 
Total Entomostraca... 4 2,914,880 224,221 
Miscellaneous... : beck bictey 2 Be RE Coes Petre 
Total Planktonts enumerated. Bee SUES) 656 (232,331 45,987,297 
Synthetie se Ae a ee TS 527,758,862 36,104,724 
PAT ally; ELC errs ere co oer rece ee 128,473,469 9,882,573 


COMPARISON WITH ILLINOIS FORMS 


As in the ease of the Illinois River, this table shows plants to be 
more numerous than animals, though they are generally smaller. The 
disparity in numbers is slightly different being, in recorded order of 
stations 2.5, 9, and 9 to 1, instead of 5 to 1 as in the Illinois River. 
The preponderance of Rotifera and Protozoa over Entomostraca is 
less marked than in Illinois, being 8.5, 45, and 50 to 1; and 9, 180, 
and 151 to 1, respectively. The numbers of Rotifera and Protozoa 
are not markedly different from each other in Stockton Channel 
though Protozoa are four or five times as numerous as Rotifera at 
the other two stations. In Stockton Channel synthetic organisms are 
relatively few even among plants proper. In this place the principal 
food of the zooplankton, therefore, is probably furnished by the 
Baeteriaceae and other saprophytic plants. For this reason the 
forms of plankton usually rated as important in more or less direct 
support of a fish fauna are few in kinds if not in numbers, although 
there is a conspicuous animal population. 

At Station I, Copepoda (including immature forms) outnumber 
Cladocera about 18 to 1, but only about 2 to 1 at Station II and 1.5 
to 1 at Station III. Protozoa are 1210, 500, and 404 to 1 of the 
Cladocera, distributed as follows: Rhizopods 45, 22, and 32 to 1, 
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Cillata 236, 64, and 48 to 1, Mastigophora 927, 361, and 292 to 1. 
Cladocera are outnumbered by plants 6540, 6090, and 4555 to 1. 
Diatoms are responsible for most of this with 5652, 5640, and 2314 
to 1. Schizophyceae appear at 400, 185, and 217 to 1 and Chloro- 
phyceae 452, 214, and 198 to 1. 

The most striking features of these results when compared with 
those of Kofoid (1908) are two in number. First, there is the re- 
markable number of Copepoda in Station I. Second, the astonishingly 
small number of synthetic organisms and of Protozoa at all stations, 
in proportion to the number of Cladocera. Since Cladocera are almost 
all caught in the adult stage and since they are almost all retained by 
the silk net, they present very good ground for comparison of plank- 
ton catches everywhere. Hence the numbers of Cladocera, the lack 
in numbers of other organisms and the results of the few, filter paper 
catches point conclusively to the fact that the numerical and volu- 
metrie study of plankton calls for absolute filtration, high magnifica- 
tion and a laborious technique adequately to represent the sources of 
food, and the interrelations of the organisms of the plankton. 


DETAILED DISCUSSION OF STATISTICS RECORDED BY THE AUTHOR 
PREFATORY 


Tables and plates have been prepared to show in numerical or 
graphic form the various facts of distribution and occurrence which 
are or may be reckoned as important. This commentary is intended 
to elucidate and amplify such records and to serve especially as a 
guide to the details of observation or conclusion concerning which the 
writer is certain or uncertain. Averages, when given for each or- 
ganism in numbers per cubic meter will be given for each station on 
the basis of 104 collections at Station I, 52 at Station II and 51 at 
Station III. Averages are only used because there is no other way 
of making a general numerical comparison in brief form. 'Tempera- 
tures, in degree Centigrade, are given both for surface water and 
for air. While the latter may be unnecessary it was thought that it 
might help to give an idea of the conditions locally. 

Numbers of planktonts are recorded in units for the same rea- 
sons of consistency and convenience as those mentioned by Kofoid 
(1908). There is not the slightest intention to imply fictitious accu- 
racy by unit expression. Those who prefer can read the record in 
“round numbers.’’ The writer himself rarely gives any thought to 
more than the first three figures of a number. 


M.! 
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ALGAE 


Bacteriaceae 


Members of this group were unquestionably abundant both in 
numbers and kinds, but they were very rarely retained by the silk 
net. In fact, Spirillum wndula was the only representative recorded 
from Stockton Channel, the station most favorable for Bacteria and 
giving most evidence of their presence. The average number there, 
16,310, is ridiculously small in view of the general conditions and in 
consideration of the filter paper collections which indicated a total 
volume of catch about ten times as great as that found in the silk 
net catches. The relatively great numbers of Cladocera and Copepoda 
also serve to emphasize the fact that the large portion of the plank- 
ton population is very freqently beyond the reach of the usual 
methods of observation. Silk net methods can never be more than 
suggestive of the productivity of the waters since they must deal 
mainly with the giants of the plankton. For that reason, an extended 
discussion of the Bacteriaceae cannot be undertaken for this series. 
It might be said, however, that general conditions indicate a maxi- 
mum production of Bacteria in late summer along with the other 
groups. 

Beggiatoa and Micrococcus were only recorded from Stations II 
and III, and then only once, but they were probably common at all 
stations. 


Schizophyceae 
Station I Station II Station IIT Daily Hourly 
Number of forms.................. 18 15 15 15 
Average per cubic meter -...... 1,603,414 1,292,680 1,957,661 2,599,163 499,123 


This group was most conspicuous at all stations in July, August 
and September, when it gave a peculiar color and appearance to the 
water, but it had some representation throughout the year. Anabaena, 
Nostoc and Oscillatoria were generally most prominent. Some of the 
smaller forms were probably represented but not identified. Some 
small forms were also probably confused with other groups. The 
group, as a whole, does not seem according to record to be of quite 
so great importance as in the Illinois, but this apparent lack is doubt- 
less due to escape through the net. The color of the water alone 
would suggest that much of the material is lost. It is then, not only 
safe to say that the group is valuable in furnishing food for other 
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organisms, but also that it probably holds a high place in working up 
the organie content of the water. Identification, even of genera, was 
frequently rather difficult in this group, although there was not often 
any question as to their belonging to the Schizophyceae. Names as 
recorded are to be regarded as suggestive rather than positive. 
Eyferth’s Einfachste Lebensformen and Tilden’s Minnesota Algae 
were the guides mainly used. 


DISCUSSION OF SPECIES 
Anabaena spp. ; : ; : 
StationI Station II Station III Daily Hourly 
ISOMERS) cep edavesseaoeeeereene oe 57,600 317,644 437,967 245,139 1,531,949 
Not clearly distinguished from Nostoc, straight filaments being the 
characteristic usually considered indicative. Includes some Aphani- 
zomenon. Found occasionally throughout the year. Abundant only 
in July, August and September, at all stations, in a water tempera- 
ture ranging from 23.5° C. to 28° C. Largest number recorded at 
Station I on July 12, Station II on August 9, and Station IIT on 
July 19. 


Aphanocapsa spp. 


Station I Station II. Station IIT Daily Hourly 
PASVIOT:OUO Oj ratteae ce tensen ssa orc nawscacee 117,381 84,916 74,329 441,469 187,647 


Most of the colonies counted under this name probably belong un- 
der Clathrocystis and Microcystis. There were probably few, if any 
Aphanocapsa present. The characteristics of Aphanocapsa were not 
understood until the count had gone too far for revision. Since 
Clathrocystis and Microcystis were also more or less subject to con- 
fusion it was thought best to let the record for 1913 stand under this 
head. The maximum production oecurs at about the same time as 
that of Microcystis at all stations. Hence the error probably affects 
nothing but the question of species distribution. Clathrocystis does 
not appear on the record though now known to be present and it 
might be well to transfer the Aphanocapsa count to that heading. 
The late summer maximum, occurring in higher temperatures and 
the sudden fall in numbers in colder waters suggests the character- 
isties of Clathrocystis as noted by Kofoid (1908) in Illinois. 

Coclosphaerium kiitzingianum Naeg. Recorded three times from 
Station III and once from each of the other stations. Very small 
numbers in all cases. Identification not positive. 
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Gloeocapsa conglomerata Kitz. 


Station I Station II Station III Daily Hourly 
INS AEN coerce eer eee 13,685 4,438 11,015 191,027 49,811 


Recorded only in July and August at all stations. Identification 
not positive. Abundant through daily and hourly series and in con- 
siderable numbers for the few times taken in the regular series. 
However, not an important factor so far as these catches indicate. 
Losses through net probably heavy. 


EUDICT AE IN Station I Station II Station III Daily Hourly 
PAV OY 8 @ i sere ses tensctenscteeaesescarers 197,400 141,594 181,426 520,660 539,132 

Probably several species are included under this heading. They 
are found at all stations throughout the year though most abundant 
in July and August. Losses through the net were probably very 
heavy and the genus must play an important part in local waters. 
Identification considered probable though some confusion affected 


the count at times. 


Gomphosphaera aponina Kg. 


Station I Station II Station III Daily Hourly 
Avorag ope eee 7,856 8,968 14,485 726 36,620 


Identification uncertain. Occurrence at irregular intervals 
throughout the year at all stations. Numbers small. 


Inactis tinctoria Agardh 


Station I Station II Station IIT Daily Hourly 
DAN OTA OG coon sass so cancsvoccenecencees 532,790 215,653 594,302 0 105,792 


Identification uncertain. None recorded until August. Very few 
after October at any station. Numbers large while present. Heavy 
loss through net probable. Evidently of considerable importance in 
the plankton while present. 


Merismopedium glaucus Ehrbg. 


StationI Station II Station III Daily Hourly 
AVL AGO: So oes cette 89,512 5,117 6,992 413 210 


Identification satisfactory. Losses through net very heavy. Num- 
bers fairly large in November and December. Rarely recorded earlier 
in year. Small size makes it easy to overlook even when present. 

Microcystis sp. 


Station I Station II Station IIT Daily Hourly 
SASV OTE. Cys Sie Sone cacecseeesennce 44,240 64,890 43,646 166,545 364,169 


Identification satisfactory. Count probably too low on account of 
confusion of some colonies with other forms. Found occasionally 
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thrughout the year at all stations. Much more abundant in July, 
August and September. Loss through net certainly very great. An 
important member of the plankton, but net catches do not afford a 
good basis for discussion of its distribution. 


Nostoc spp. 
PP Station I Station II Station III Daily Hourly 


Pees nseeaere ees Osan oo 156,435 301,283 459,306 547,678 1,794,781 

All the plants included under this head were filaments of the 
contorted type. The count gives the number of filaments in some 
eases though usually fragments of colonies constituted the units. 
Whole colonies were rarely, if ever, found. Possibly three or four 


Average 


species are included in this enumeration. Nostoc appeared occasion- 
ally throughout the year and became quite prominent in July, Au- 
gust and September. In view of the fragmentary condition of the 
colonies it is probable that the loss through the net was considerable. 


Oscillatoria formosa Bory. 


Station I Station II Station IIT Daily Hourly 
PNG ETE MOY ese 2,037 45,699 2,205 


Identification uncertain. This form oecurred more often at Sta- 
tion II where it was recorded frequently throughout the year, reach- 
ing its maximum in June. It does not seem to be very important 
since its size makes it improbable that loss through the net was very 
great. 


Oscillatoria spp. : Om a : 
Station I Station II Station IIT Daily Hourly 

PAS CIEE Sa eee 210,437 32,325 49,941 299,126 105,792 
Probably three or four species are included under this heading. 
Found occasionally throughout the year but distinctly a summer 
form. Maximum in August. Oscillatoria of all kinds were nearly 
always found in single filaments or fragments of filaments. Masses 
of filaments were rarely seen. This might be considered as support- 
ing Kofoid’s suggestion (1908) that physiological conditions may at 
times make Oscillatoria a temporary planktont. On the other hand 
it does not furnish very definite proof against the view that this form 
is an adventitious planktont, cast adrift by gas bubbles or violent 


eurrents. 


Oscillatoria tenuis Agardh. 
Station I Station II Station IIT Daily Hourly 
INS SVE) Seeee eee aera 46,340 2,404 3,040 154,363 12,207 


Identification uncertain. Not a very prominent form. General 
occurrence much the same as for the above mentioned species. 
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Phormidium spp. ; ‘ ; 
Station I Station II Station IIT Daily Hourly 
WAV OTAGO (eesssastettecte swore sechonae 121,571 31,248 86,171 2D,D9O) \tecscecees 


Probably includes more than one species. Genus uncertain also. 
Occurrence occasional through the year. Most abundant at Station 
J. Maximum in September. Not a very prominent planktont. 


Stigonema sp. 
wing g P Station I Station II Station III Daily Hourly 
INSIORONELD) ote cbctceroceo eee eee 1,317 45,665 HoH ceterceecres | pecesecscreecos 


Identification very doubtful. Filaments always fragmentary. 
Nothing but vegetative cells seen. Referred to Stigonema partly on 
account of occasional lateral arrangement of two cells in the fila- 
ment. Never very prominent. Maximum in June at Station II 
where it was most often found. Apparently of little importance. 
Probably adventitious. 

The following forms were recorded but once, at one or more sta- 
tions, or else are listed because thought to be present in living 
material : 

Calothrix sp. Recorded once at Station I. 

Clathroeystis aeruginosa Kg. 

Cylindrospermum comalum Wood. 

Dactylococcopsis rhaphidioides Hausg. Recorded once at Station I. 

Gloeocapsa gelatinosa Kiitz. 

Lyngbya sp. Recorded once at Stations I and II. 

Oncobyrsa rivularis Kutz. Recorded once at each station. 

Rivularia sp. Recorded once at Station I. 

Symplocastrum sp. Recorded once at Station IIT. 


Chlorophyceae 
Station I Station II Station IIT Daily Hourly 
Number of forms.........--...-- 15 14 17 8 8 


Ay. numbers per cu. meter 1,811,722 1,499,479 1,789,041 2,179,378 1,703,883 

These averages indicate only about one-thirtieth of the number 
found by Kofoid (1908) in Illinois. Since, however, the main con- 
tribution here was made by Actinastrum, Coelastrum, Pediaslrum 
and Scenedesmus it may be readily understood that losses through the 
net account for most of the difference. The group was represented 
through the entire year, though the numbers were often very few. 
Station I showed the peculiarity of a great increase in numbers in 
May and June, a decline in July and August, and another well sus- 
tained increase in September, October and November. Stations II 
and III showed only one conspicuous rise in numbers, covering about 
four months, from July to October inclusive. The numbers oeeur- 
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ring in other months were very small. It is quite difficult to de- 
termine the cause of the two pulses at Station I as distinguished from 
the other two stations. It could hardly be temperature since that 
factor remains too nearly constant during the period involved. The 
earlier increase in May might be ascribed to the more quiet water rich 
in organic matter, and the continuance through November might be 
aided by the sewage. The most probable explanations of the inter- 
mediate fall in numbers seems to be that predatory organisms may 
have been most prominent at that period or that stagnation of the 
sewage laden water hindered growth and multiplication. The possi- 
bility of the last named factor being the more important is supported 
by the fact that increase comes in September when there begins to 
be some relief from stagnation by increase of supply from the moun- 
tain streams. This relief was not very great in 1913, however, nor is 
it very well marked in any year. The possibility of interference by 
other organisms is supported by the fact that the numbers present 
are mainly influenced by the numbers of Scenedesmus, an organism 
very likely to be extensively used for food by some of the organisnis 
of the zooplankton. Amongst the Ciliata, Vorticella seems most lkely 
to be responsible while Asplanchna is the most prominent of the 
Rotifera. But the Copepoda are still more characteristic of this 
period and the summer decline of Scenedesmus may be due mainly 
to their activity. Chlorophyceae were never very conspicuous in 1913 
and they were outnumbered by diatoms 14 to 1 and by Mastigophora 
about 2 to 1. Uncertainty as to the percentages of losses of various 
forms through the net makes definite conclusion impossible. 

The very interesting question concerning recurrent pulses and 
their relation to lunar eyeles, discussed by Kofoid (1908), cannot be 
answered any more definitely here. It is clear from these net catches 
that there are recurrent pulses (plates 1-5) at about three to six 
weeks intervals but there is nothing which warrants more than an 
indorsement of his provisional conclusion that there may be an in- 
erease in number of chlorophyll bearing organisms to correspond 
with each recurrent increase of light from the moon. It is alto- 
gether probable that this problem cannot be solved until some one is 
able to carry a long series of daily catches, carefully timed, and by 
more accurate methods than those of the silk net. Whether any filter 
method would suffice is hard to say. It was hoped that the daily 
series carried for thirty-one days in 1913 would help to solve this 
problem but it presented no conclusive evidence. (PI. 6.) 
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Thirty forms were recorded in the count and it was thought that 
several others were recognized in the living material. Certainly there 
were more species present. So far as net catches indicate, Pediastrum 
was the leader both numerically and volumetrically, at Stations II 
and III. At Station I it was not far different from Scenedesmus in 
numbers (coenobia counted) and of course, exceeded it in volume of 
catch. Scenedesmus was clearly second in importance, Actinastrum 
third and Coelastrum fourth. Crucigena, Raphidium, Richteriella 
and Schroederia were frequently found. In view of the common oc- 
currence of Botryococcus in other places its scarcity here needs ex- 
planation. Failure to identify seems to be the most probable reason, 
though it may actually have been absent usually. 

Present methods do not show the dilute sewage water of Stock- 
ton Channel to be much more productive of Chlorophyceae than the 
river. Hence such evidence as we get from this study only weakly 
supports Kofoid’s suggestion (1908) that sewage laden waters favor 
the increase in numbers of the group. At any rate there is clear 
indication that the Chlorophyceae contribute largely to the plankton 
at all stations. 


Discussion OF SPECIES 


Actinastrum hantzschii Lagerh. 


Station I Station II Station IIT Daily Hourly 
INV OVE G Oy esas ees cence eceaseee 51,050 216,851 257,954 36,939 392,439 


Identification satisfactory. The combined averages of two varie- 
ties of this species are given here. They are recorded separately in 
tables 1 to 5. The only difference noted was in size, the one recorded 
as “‘large’’ being from two to four times as large as the typical form 
measured by length of the cell. As might be expected, it is largely 
responsible for the enormous average here as compared with the 
silk net average (338) in Illinois. Without it, however, the average 
is much greater, thus indicating a distinctly greater prevalence of 
the species here. It will be noticed too that Stockton Channel with 
its dilute sewage shows only about one-fourth of the average num- 
bers produced by the other stations. The typical form was found 
occasionally at all stations throughout the year and it also reached 
its greatest abundance at the same three periods at all stations, ice., 
March, June and September, the last showing the maximum. The 
large variety came in late (April and May), produced a weak pulse 
in July, and strong pulses in August and October; it dropped out 
again in November. Apparently temperature affected it much more 
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definitely than it did the typical form. Temperature is not the de- 
ciding factor, however, as is shown by the fact that this variety ap- 
peared last in the warmer water of Stockton Channel whence it also 
practically disappeared first. Its lower temperature limit seems to 
be about 14° C. Stockton Channel was distinctly less favorable to 
the large form than to the typical form as is shown by the difference 
in numbers being greater there than at the other two stations (tables 
1 to 3). Gradations in size between the two forms sometimes made sep: 
aration difficult. This species is evidently of considerable import- 
ance here. 


Coelastrum microporum Naeg. 


Station I Station II Station III Daily Hourly 
DNS GRENSON, Sane oe 190,313 31,595 60,819 143 454 107,761 


Identification satisfactory. Possibly includes at least two other 
species. Coenobia counted. Was not found at Stations IT and III 
until July, and only five times before that at Station I. Maximum 
in September at all stations. Last appearance on December 14 at 
Station I, a month later than at the other places. Obviously favored 
by the slightly higher temperature of Stockton Channel. The dif- 
ference in averages also suggests a distinct preference for sewage 
water. The maximum in September, when there was little disturb- 
ance of the waters, may indicate great susceptibility to action of 
strong currents and to rising and falling flood waters with their rapid 
changes in temperature. The September pulse is the only distinct 
one. In view of the enormous losses through the net, Coelastruwm must 
be reckoned as.an important planktont, though it is mainly limited 
to temperatures above 15° C. 


Crucigenia lauterbornii Schmidle. 


Station I Station II Station IIT Daily Hourly 
LENNON NERD ea SS eee PS A 


Identification fairly satisfactory. Recorded once from Station 
II, four times from Station III. Average of colonies for the year at 
Station III, 14,771. Clearly too small for accurate study by net 
methods. Occurrence in September and October. 


Pediastrum boryanum Menegh. 


Station I Station II Station IIT Daily Hourly 
INS UENR eeee e 9,913 41,265 72,153 12,612 37,474 


Identification inexact. Coenobia with bicornate marginal cells 
but without intercellular spaces were counted under this head. Va- 
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rious gradations and differences in detail make it seem probable, as 
Kofoid (1908) found in Illinois, that at least two or three species 
may at times be represented in the count. 

Present throughout the year at all stations. Missing irregularly 
in almost every month at Station I, less often at the other two. Very 
few in January and December. Distinctly more numerous at all 
stations than in Illinois. Sewage water evidently less favorable for 
its development. All stations show a March pulse of some moment 
and another in September. There is some evidence of recurrent 
pulses corresponding to lunar eycles, strongest at Station IT. Maxima 
in September at Stations I and II, October at Station III. The 
most consistent record at Station I is in March and November, indi- 
cating a preference in sewage water for temperatures from 13° C. 
to 19° ©. Since the only misses at Station II are in May, June 
and December the same inference might be drawn as to temperature 
if it were not for the fact that the representation was well sustained 
through August to November. Somewhat similar conditions were 
shown by Station III. At all stations the fluctuations were well 
marked at all seasons. This was even more true of the daily series 
at Station I (table 4) than of the regular series. The fluctuations of 
the first half year may be mainly due to rise and fall of flood waters. 
It is more difficult to account for those of the sueceeding four months 
under relatively stable conditions. 


Pediastrum duplex Meyen. 


Station I Station II Station III Daily Hourly 
IAS CT ASO) sierceessecsbesscstsseaneceasae 301,913 686,539 837,875 703,005 1,613,919 


Diagnosis inexact. All the coenobia with more or less bicornate 
marginal cells showing distinct intercellular spaces were counted 
under this head. The assemblage as a whole is fairly constant to a 
provisional type and is quite possibly a single species. It was also 
different from the preceding form in its larger numbers, greater con- 
stancy of occurrence and greater regularity of development. Then 
too, this species has a more uniform chronology at all stations. There 
is a vernal pulse with maximum in March and an autumnal pulse 
with maximum in October. The marked decline after March is evi- 
dently chargeable in some way to flood conditions. The steady rise 
from July through August and September to the October maximum 
is Just as evidently due to warmer temperature and greater stability. 
Though P. duplex is present at all stations through the whole year 
its optimum temperature is clearly near 20° C. The comparatively 
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small numbers in Stockton Channel indicate that much sewage is 
detrimental. By similar reasoning it might be concluded that Smith 
Canal (Station III) supported a larger number than the river (Sta- 
tion II) because more organic matter is beneficial up to a certain 
point. Such a conclusion is not entirely warranted, however, be- 
cause the river has an open channel with some flow while the other is 
closed at one end. This difference alone might amount to more than 
the organic content. 

The indication of recurrent cycles due to lunar influence is more 
distinet with this form than the preceding though they are not at all 
regular even here (tables 1 to 3). The daily series shows an interesting 
suggestion of recurrent pulses at intervals of four to six days (table 
4). In the hourly series (table 5), it appears that both P. boryanum 
and P. duplex reach maxima in the afternoon, suggesting diurnal in- 
fluence of light and temperature. The data, however, do not war- 
rant a conclusion. The hourly series needs extension. 

There is no very definite relation of Pediastrum pulses to the 
volumetric pulses. 


Pediastrum simplex Meyen. 


Station I Station II Station IIT Daily Hourly 
PACVIOT AS Gi ecreteen eer coeen-caccceoccereee 7,422 32,333 36,044 16,796 49,189 


Identification fairly satisfactory. Coenobia having marginal 
cells with one median spine were counted under this head. Probably 
only one species included. Fewer than either of the foregoing forms 
at all stations, except that it exceeds P. boryanum in both the daily 
and hourly series. Rare at Station I through the first six months, 
considerable numbers there in July, very few in August, maximum 
in September, rare thereafter. Occurrence at the other two stations 
similar, except that the numbers were larger. So far as the records 
go they indicate the same general characteristics of distribution as 
mentioned for the foregoing species. 

It is evident that Pediastrum is a very important genus, both 
numerically and volumetrically in the local plankton. The greater 
numbers here, as compared with Illinois, indicate that local condi- 
tions are better suited to this genus, but it is also true that this may 
have been an exceptionally favorable year. It is worth noting in 
this connection that the representation of Pediastrum is proportion- 
ally greater here as compared with other forms found in both see- 
tions and this fact favors the view that it is really more characteristic 


of our plankton. 
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Since the genus shows very distinct response to flood conditions, 
perhaps it is worth while to emphasize that point, especially in view 
of the fact that there are no reliable water gauge or tide records 
available. The rapid decline of numbers in March follows very closely 
on the arrival of the heavy stream flow from the mountains. The 
rapid rise in numbers in June is just as closely connected with the 
disappearance of flood waters. 


Raphidium polymorphum Fres. 
Station I Station II Station III Daily Hourly 
131,037 48,363 47,002 129,935 29,744 


Diagnosis inexact. Probably includes two or more species. Occur- 


Average ...... 


rence rare in winter months at all stations. Thrives best in Stockton 
Channel (Station I). While the numbers are large at times the rec- 
ords are so fragmentary, particularly in view of the enormous num- 
bers escaping through the net, that no generalization can be made. 
There is, however, some support for Kofoid’s observation (1908) that 
the organism has an optimum temperature above 15° C. Furthermore 
the larger numbers in Stockton Channel indicate the benefits of sewage. 


Richtericlla botryoides Lemm. 


Station I Station II Station III Daily Hourly 
Average: a0. Seea ces 5,723 20,806 275499. oc, SE 


Identification satisfactory. Occurrence at very irregular inter- 
vals at all seasons of the year and at all stations. Rather large num- 
bers at times. Records too scant to warrant conclusions. Percentage 
captured evidently very small. 


Scenedesmus obliquus Kiitz. 


Station I Station II Station III Daily Hourly 
PAV CTAG C) eecsect seer ee 319,244 43,593 63,234 305,638 166,826 


Diagnosis sometimes confused on account of apparent intergradat- 
ions. May perhaps include two or three species. Rare in January 
and February. Few in March, April, May and December at all sta- 
tions. Maximum in June at Station I, although the numbers are best 
sustained there through September and October. Other stations also 
show greater constancy in that period. Vernal pulse very slight so far 
as silk net can show. Average silk net catch in Illinois was given by 
Kofoid (1908) as 673. The largest Stockton Channel catch is about 
500 times as great. If the silk net only captures a fraction of 1 per 
cent of the Scenedesmus present the numbers there were certainly 
enormous. In spite of the losses through the net it is at least safe 
to say that sewage and moderate temperature, 15° C. to 20° C. are 
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especially favorable to this form. There are recurrent pulses appar- 
ently but the uncertainty as to the percentage of the population on 
record makes all such points unreliable. 


Scenedesmus quadricauda Breb. 
Station I Station II Station IIT Daily Hourly 
INSITE, | 772,520 224,775 363,308 786,615 366,203 


Diagnosis sometimes confused by intergradations. Only a small 
percentage in doubt. Losses through net certainly very heavy, prob- 
ably over 99 per cent according to Kofoid’s results (1908). Hence in- 
ferences are to be made with caution as in case of the preceding 
species However, the greater continuity of the record for this species 
makes intelligent discussion possible. 

A vernal pulse in March and an autumnal pulse culminating in 
October were quite well marked at Stations II and III. The vernal 
pulse is not clear at Station I and the autumnal maximum was reached 
in November. In no ease was there very heavy representation until 
about June. At Station I a distinct decline through July and August 
suggests marked limitation by higher temperatures. Sewage water 
with temperature between 15° C. and 20° C. is evidently nearly ideal 
for Scenedesmus. 

There is rather distinct indication of monthly pulses at all three 
stations (tables 1-3). These do not, however, correspond very closely 
with Pediastrum pulses, so it is hardly worth while to attempt to 
establish any connection with lunar cycles from present data. 

This species was rarely absent from any station, never from Sta- 
tion I. Its appearance there in large numbers through the winter 
months clearly marks it as perennial in this locality. While the records 
of this and the preceding species are fragmentary so far as the whole 
population of the genus is concerned they show very clearly that the 
genus is of first rate importance in our waters through a large part of 
the year and especially where there is much organic matter. 


Schroederia setigera Lemm. 
Station I Station II Station III Daily Hourly 
ANSTEY D ease epee ee peer 35,724 4,099 5,343 43,587 16,276 


Identification satisfactory. Probably only small percentage cap- 
tured by the net. Only recorded six times at Station III and three 
times at Station II. Irregular occurrence from last of April to end 
of year at Station I. Well represented through June and part of 
November. Not enough data to indicate more than a preference for 
dilute sewage. 
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Selenastrum bibrainwm Reinsch. 
Identification satisfactory. Recorded five times from Station I in 
small numbers. Once at Station III. Evidently too small to be held 


by the net. 
The following forms were recorded only once or twice in small 
numbers or else were noticed in living material. 


Botryococcus sp. Once at Stations II and III. May have been overlooked. 
Bulbochaete sp. 

Chodatella ciliata. Lemm, Once at Station ITI. 

Crucigenia quadrata Morr. Once in daily series. 

Crucigenia rectangularis Chod. 

Crucigenia sp. Once at Stations II and III. 

Dimorphococeus lunatus A. Br. 

Draparnaldia plumosa Ag. 

Golenkinia radiata Chod. Once at Stations I and III. 
Lagerheimia wratislaviense Schroed. Once at Station I. 
Lauterborniella elegantissima Schmidle. Once at Stations I and II. 
Monostroma sp. Once at Station ITT. 

Nephrocytium agardhianum Naeg. 

Pleurococeus sp. 

Sorastrum spinulosum Naeg. 

Stigeoclonium (?) sp. Twice at Stations I and II. 

Tetrastrum sp. Once at Station IIT. 

Ulothrix sp. Twice at Station I. Doubtful identification. 


Bacillariaceae 
Plates 7-9 


Station I Station II Station IIT Daily Hourly 
Number of forms recorded 44 58 53 25 32 
Ay. number per cu. meter -...22,609,062 39,478,317 36,826,859 28,055,459 29,029,248 


The diatoms are distinctly the most abundant group of organisms 
in San Joaquin plankton so far as present methods show. According 
to these records they outnumber Schizophyceae 14, 33 and 18 to 1; 
Chlorophyceae 12, 28 and 21 to 1, and Mastigophora 6, 14 and 7 to 1 
at Stations I, Il and III respectively, thus making them appear to 
have a still more prominent place in the plankton than they had in 
Illinois. There were always some diatoms in every collection at all 
stations throughout the year. 

There was only one very distinct pulse at each station. At Station 
I this appeared in May, while at the other stations, where it was larger 
but less abrupt, it came in August. There is no way of telling from 
these records whether this difference was due to better temperature or 
to more stable conditions at those times. The fact that Smith Canal 
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resembles the river in temperature and is more like Stockton Channel 
in stability suggests a stronger influence of temperature. A glance 
at plates 7, 8 and 9 shows a marked resemblance of all three stations 
in low production of diatoms through the first twenty and the last six 
weeks of the year. All show comparatively heavy production through 
all the intervening period though the culmination is more nearly 
median in this time at Stations IT and III. This characteristic of dis- 
tribution is common to all the algae. These major pulses are evidently 
composite though the exact location of their maxima may be due to 
single species. The diatoms as a group show more marked indication 
of pulses recurrent at approximately four weeks intervals than do any 
other algae. 

One notable difference in the three stations is that the total pro- 
duction is less at Station I than at either of the others. Except for 
the difference in the location of the maxima this was shown through- 
out the year. The production in winter and spring is continuously 
less at Station I. Although the maximum came earlier it did not 
appear so abruptly nor decline so quickly as at both Station II and 
Station III. Sewage seems to be detrimental, as does a temperature 
above 23° C. However, it is not certain that temperature is the deter- 
mining factor, for stagnation of the water probably has a deleterious 
effect more quickly in sewage water than in water comparatively clean. 
It seems quite possible that simultaneous strong flood currents through 
Stockton Channel and the river would hold the maximum back to a 
similar date. Some light on this question may be expected from the 
1914 series which covers a time of heavy flood. Again there is the 
possibility that predatory organisms, notably Entomostraca, cut down 
the supply of diatoms in spite of favorable conditions for develop- 
ment. The maximum for Entomostraca comes at the time of decline 
of production of diatoms in the summer (plates 3, 9). 

The fact noted by Kofoid (1908) that the volumetric measure 
shows mainly the zodplankton is especially important here because 
there is not sufficient check by other methods to give any idea of the 
relative loss of phytoplankton through the net. The diatom count cor- 
responds pretty closely, in its rise and decline, to the volumetric rec- 
ord (plates 1, 7, 8, 9) at Station II and III but no very definite rela- 
tion appears at Station I. This might be expected from the fact that 
a moment’s examination gives one the impression that the Stockton 
Channel plankton is distinctly animal and the river plankton mainly 
plant. 
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While the records of Station I might lead one to think there pos- 
sibly were reproductive cycles and successive rest periods as suggested 
by Kofoid (1908) the records for Stations II and III point rather the 
other way. The strong and somewhat rapid rise through June and 
July to a maximum in August with a similar decline to the winter 
level suggests, indeed, that factors of the immediate external environ- 
ment are responsible and that increase in numbers would continue 
indefinitely if the proper balance of temperature, food materials and 
natural enemies could be secured along with sufficient removal of 
injurious accumulations. 

The number of forms of diatoms listed (98) may seem unwar- 
ranted inasmuch as there could be no hope of accurate determination 
of all the species present. The large list was the cumulative result of 
an effort to give expression to differences noted. The futility of it was 
not realized until too late to change it easily. After all, it happens 
that there are only a few forms found frequently and in great num- 
bers and most of these can be approximately determined. 

Twenty forms occur at one or more stations with sufficient con- 
tinuity to give the impression that they are true planktonts. These 
are Asterionella gracillima, Bacillaria paradoxa, Cyclotella spp. Cyma- 
topleura solea, Cymbella affinis, Cymbella cymbiformis, Cymbella 
tumida, Fragillaria capucina, Gyrosigma kiitzingii, Gyrosigma scal- 
proides, Melosira granulata, Melosira varians, Navicula alpestris, 
Navicula bacillum, Navicula gracilis, Niteschia acicularis, Pleuros- 
tawron parvulum, Surirella spp., Synedra radians, and Synedra ulna. 
Distinctly the most important of these are Asterionella, Bacillaria, 
Cyclotella, Melosira and Synedra, all of which are satisfactorily de- 
termined as to genus, though the species are sometimes uncertain. 
Most of the other genera just mentioned are also believed to be cor- 
rectly designated. Much of the specific determination is largely guess 
work for the inexperienced observer under the conditions of counting. 
Fortunately such errors do not materially affect the generalizations 
within reach of this present study. Schonfeldt’s ‘‘Bacillariales’’ in 
the Siisswasserflora Deutschlands series was the main dependence for 
identification. 
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DiIscusSION OF SPECIES 


Asterionella gracillima Heib. 


Station I Station II Station III Daily Hourly 
344,378 1,743,406 1,381,583 3,516 12,206 


Identification certain. Records show numbers of colonies. Average 
size of colonies at Station I was three, at Station II four, at Station 
III three. Two forms were noted, a typical and a large form. They 
were recorded separately in tables 1 to 5 though the above averages 
are for the two combined. As in the ease of Actinastrwm the two were 
alike except for size but the larger was usually only about 50 per cent 
larger, rarely twice as large. There were sometimes all gradations in 
size but in most cases the distinction was plain. It will be noticed by 
reference to the tables that the pulses ran somewhat the same with 
both forms at all stations but that the large form appeared rather 
late at all stations and that it was only prominent in May and June 
at Stations I and II, June at Station III. Perhaps this condition 
warrants the inference that the large form is favored by a tempera- 
ture above 20° C. especially since the June maximum comes at the 
highest temperature (26°5 C. and 29° C. respectively at Stations IT 
and III) and very nearly so at Station I (22° C.). 

Both forms were practically absent at all stations through July, 
August, September and October. Both reappear in November. The 
typical form is abundant at all stations except during the four months 
just mentioned. At Station I it showed a strong pulse in January and 
a maximum pulse in March. Another strong pulse came in December. 
At both of the other stations the maximum pulse came in February and 
a very strong pulse in December. If both forms be counted together, 
Station IT is seen to have almost as large a pulse in June as in Febru- 
ary. The combination also shows a very large pulse in June at Station 
Ill. The abrupt disappearance of both forms in July at all stations 
must be due to some other factor than temperature since the tempera- 
ture change is neither abrupt nor very marked. Stagnation may have 
a strong deterrent influence. There are fairly well marked, recurrent 
pulses at four to six weeks intervals at all stations. 

Very few single cells of Asterionella were recorded. This can be 
accounted for in two ways: first, escape through the net; second, con- 
fusion with other single cells. 


JENSEN RO) acre 
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Amphiprora alata Wiitz. 
Station I Station II Station IIT Daily Hourly 
XS YSE) cepeeerepceoceceoceoa sreerceee 12,847 4,161 21,057 8,373 268,548 


Identification satisfactory as to genus and probable as to species. 
A. ornata is probably included in the count at times, as it was some- 
times found by the writer and was also identified in 1915 catches by 
Professor C. J. Elmore. Probably heavy loss through the net. So far 
as net catches show it is not so very important. Occurrence rather 
scattering at all stations though fairly constant in latter part of the 
year at Station I. Maximum at Station I in May, at other stations in 
June. 

Bacillaria paradoxa Gmel. 


Station T Station II Station IIT Daily Hourly 
Average - 8,547 1,647,817 984,810 28,857 254,916 


Identification positive. Colonies usually large, hence probably 
very little loss through the net. Occurrence scattering at Station I, 
fairly constant through the year at Station II and III where it was 


abundant through the second half year. Maximum in July at Station 
I, August 2 at Station II, and August 9 at Station III. Conspicuous 
minor pulses in April and December at Station Il; April, September 
and December at Station III. The sudden jump into prominence at 
Stations II and III in July and the reappearance at Station I, where 
it had been absent more than two months, seems to indicate favorable 
influence of stagnant water. Retardation by sewage is also indicated. 
Higher temperatures may have a bearing, though the temperature 
change is not nearly so abrupt as the change in numbers of Bacillaria. 
There are no very strong indications of recurrent pulses at any station, 
but Station II shows them slightly. 

B. paradora is certainly one of the most important planktonts of 
the river after the flood season. Colonies containing less than ten indi- 
vidual cells were comparatively rare, certainly not more common than 
those consisting of more than twenty-five. It would be very safe to 
estimate the average number of cells captured at ten times the aver- 
age recorded for the colonies. This would bring B. paradoxra into the 
foremost rank of planktonts, numerically, at Stations II and III. Only 
Cyclotella sp. and Melosira granulata would clearly exeeed it in num- 
bers by that reckoning. The other forms which might do so are not 
identified with sufficient certainty. 


Cocconeis pediculus Ehrbe. 
Determination probable. May inelude other species. Losses through 
net undoubtedly heavy. According to the records not a very import- 
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ant planktont. Occurs five times at Station I, thirteen times at Station 
II with a maximum of 105,792 at the end of May, and four times at 
Station ITT. 


Cyclotella spp. 
Station T Station II Station IIT Daily Hourly 
LSS IER) Sere eee 15,052,042 6,335,253 6,865,673 13,191,571 5,415,717 


Genus identification certain. Probably includes three or more 
species, certainly two. Impossible to distinguish species completely 
while counting though the attempt was made throughout the whole 
series for 1913. It was finally decided that more accurate conclusions 
were probable if all counts were thrown together. So few individuals 
are retained by the net that any conclusion must be taken with eau- 
tion even then. Present through the year in all collections at all sta- 
tions. Wide range in size. Most of them nearer the smaller limit as 
noted by Kofoid (1908). 

Maximum numbers at Station I in June, at both of the other sta- 
tions in October. One minor pulse is of unusual interest because it 
falls on January 19 at all three stations (tables 1-3). There is no 
great change in temperature to account for it but it came after a week 
of cloudy weather with more or less rain on the five days immediately 
preceding. It would seem that the condition of falling flood is respon- 
sible in this case. Possibly the June maximum at Station I ean be 
explained in the same way. No such local conditions apply in ease of 
the October maximum at Stations II and III. There was, however, 
about that time higher water than there had been for several weeks 
previous, due to the inflow from mountain tributaries enlarged by the 
early mountain rains. 

So far as our present records show, the optimum temperature seems 
to be nearer 20° C. than 15° C. as found by Kofoid (1908) in Illinois. 
Sewage contamination, stagnation and flood waters all appear to be 
factors of marked importance in determining maximal production of 
this diatom. There is no indication of a maximum corresponding to 
the volumetric maximum (plate 1) such as was observed in Illinois, 
but this may be due to the small numbers caught as compared with 
those escaping. 


Cymatopleura solea Breb. 
Station T Station TI Station TIT Daily Hourly 
Average 5S ee eka teeter 219 11,043 BOG eta es Poo ak oa aN 


Identification satisfactory. Recorded only six times at Station I, 
but found at intervals through whole year at other stations. Numbers 


F 
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rather small. Loss through net considerable. Maximum in May at 
Station II with a well defined pulse. Maximum in August at Station 
III where there were no definite pulses. May be adventitious. Tem- 
peratures at maxima were above 20° C. 

Cymbella affinis Kitz. 


Station I Station II Station IIT Daily Hourly 
PNSTGTAN GS), ceeteec seen pneroren sneer ee 1,283 73,671 10,276 516 20,345 


Identification uncertain. This was a very small Cymbella rela- 
tively few of which could have been retained by the net. Recorded only 
eleven times at Station I. Abundant in March, April, May and June 
at Station II but missing in January, February and December. Scat- 
tering in other months. Maximum on May 31 in a well developed 
pulse. More irregular in occurrence at Station III where the maxi- 
mum came in April. Probably an important planktont numerically. 
Evidently not favored by sewage. 

Cymbella cymbiformis Kitz. 


Station I Station II Station III Daily Hourly 
SAN Vi GTA Cy sreenceeer crates sterecoeeenre 446 8,382 4,331 310 4,561 


Identification uncertain. Probably includes more than one species 
not distinguishable while counting. Recorded thirteen times at wide 
intervals at Station I, in small numbers. Small numbers recorded in 
every month of the year at Stations I and III with a fairly constant 
record through May and June at Station Il. Apparently of minor 
importance. 


Cymbella tumida Breb. 
Station I Station II Station IIT Daily Hourly 
PAY CTC ee eecnetee tack eneene os aeae 2,245 23,677 3,547 619 5,546 


Identification uncertain. Probably includes more than one species. 
Records scattering and in small numbers at Station I. Small numbers 
but fairly constant, May to September, at Station III. Recorded in 
every month except January and September at Station IT. Maximum 
in May. Probably of minor importance. 

Epithemia ocellata Kitz. 


Station I Station II Station IIT Daily Hourly 
PAV CALC) coecevacncesisnssecvemeernacerts 1,015 15,713 3,579 413 8,630 


Identification fairly satisfactory. Probably two other species in- 
cluded. Loss through net heavy. Numbers small and records seatter- 
ing at Stations I and III. Representation fairly constant at Station 
II except in January, February and December. Maximum in May on 
a well marked pulse. May be adventitious since the maximum comes 
on the waters of the mountain flood. 
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Fragillaria capucina Desm. 


Station I Station II Station III Daily Hourly 
JECTED) ae 1,154 26,252 25.563. Vcten cose 9,123 


Identification satisfactory. Colonies usually rather large, seldom 
less than six cells. Most of the colonies probably retained, though loss 
of small colonies and single cells may have been heavy. Numbers very 
small at Station I and records few after April. Numbers larger and 
occurrence more constant at Stations II and III, though frequently 
missing there after August. Maximum in May at both places. No other 
pulse of particular note. Apparently not very important. 


Fragillaria crotonensis Kitton. 


Station I Station II Station III Daily Hourly 
INV OREILD Ceo koe ao 92 4,516 1888 | alee ee ee 


Identification satisfactory. Colonies not very large. Occurrence 
twice at Station I, seven times at Station II at wide intervals and nine 
times at Station III. The records at Station III are mainly in Sep- 
tember, October and November. Evidently unimportant here in spite 
of considerable escape from net in catches. 


Fragillaria spp. 
Station I Station II Station IIT Daily Hourly 
PAN OTAGO) cee esci soe secttanseecsstcescss 92 27,832 290 LOO) aeeseereeeees 


Probably most of those included under this heading belonged to 
F. virescens. Occurrence only twice at Station I. Represented at 
Station II by some fairly large numbers widely scattered. Colonies 
small. Apparently adventitious. 


Gomphonema constrictum Ehrbg. 


Station I Station II Station III Daily Hourly 
PAN GLAD OMe ocea es oe cecees eeeeecteee 1,322 22,094 282 103 8,138 


Identification uncertain. Numbers small. Losses through net heavy. 
Recorded seven times at Station I at irregular intervals. Well repre- 
sented in May and June at Station II. Recorded seven times at 
Station ITI in very small numbers. 


Gomphonema spp. 


Station I Station II Station IIT Daily Hourly 
LNW SOS, Sa 65 6,419 5,000 MOB yeeceeree secs 


Under this heading are included some members of this group which 
could not be placed satisfactorily. Probably most of them were G. 
subclavatum. Apparently there were five or six species of this genus 
observed at various times and it probably has some importance though 
it may be adventitious. 
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Gyrosigma acuminatum Kiitz. 
Station I Station II Station IIT Daily Hourly 
GaN) ee ee 11932), 2alogby | Soot 7 menene 12,207 
Identification uncertain. Recorded seven times at Station I at wide 
intervals, twelve times at Station II and Station III. Grouped in 
August at Station III. Considering amount of loss through net may 
have some importance though evidently adventitious. 


Gyrosigma kiitzingu Grun. 
Station I Station II Station III Daily Hourly 
AV OTAGO) cise Serececesteneccescssaccs 3,330 102,723 70,433 1,082 87,974 
Identification probable. Losses through net very heavy. Recorded 
frequently in small numbers in every month except February, June, 
and July at Station I. Maximum there in September. Occurred regu- 
larly with only one or two breaks at Stations II and III. Maximum 
at Station II in late August in a well developed pulse. Maximum at 
Station III in late July at the beginning of a similar pulse which 
almost reached the maximum again at the same time with Station II. 
Minor pulses at from two to six weeks intervals through most of the 
year were rather prominent at both stations. Apparently this is a 
planktont of some importance throughout the year since the percent- 
age retained by the net is undoubtedly small. 


Gryrosigma scalproides Rabenh. 
Station I Station II Station IIT Daily Hourly 
ANVOTA GC) co ceatcs Race seeeteaseceen cso 13,733 31,294 206,444 826 480,133 
Identification satisfactory. May inelude G. spencert W. Sm. Loss 
through net heavy. Records scattering at Station I especially in first 
seven months. Maximum in August with a well developed pulse. 
Recorded in every month up to September and not later, at Station IT, 
with a sharp pulse in August. Recorded every month after January 
and February at Station III though seattering until late July. Very 
strong pulse in August reaching apex on August 23. Seems to be, 
like other Gyrosigma, a seasonal planktont favored by temperatures 

above 20° C. and injured by sewage. 


Melosira granulata Ehrbg. 
Station I Station II Station IIT Daily Hourly 
DAV CTE Oy oa eae can cose nee eee 2,305,175 25,163,409 22,821,226 1,880,779 18,144,471 
Identification certain. Mostly variety spinosa. Loss through net 
high. Kofoid (1908) says about 98 per cent in Illinois and it is doubt- 
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less nearly the same here. His observation that silk catches showed 
the same seasonal routine as the filter catches makes it seem probable 
that we can use our counts here with some confidence in the conclu- 
sions they may indicate. M. granulata is recorded in every collection 
through the whole year at all stations. At all stations the numbers are 
comparatively small until April, though the million mark was reached 
a few times before that date at each. The earliest count of this size 
was at Station I in January. The maximum at all stations falls on 
September 6, after a considerable period of rather high temperatures. 
A temperature of 25° C. or higher and stagnation of the water are at 
least two favorable factors in production. Since Station I has less 
than 10 per cent of the number at the other stations at that time it 
seems equally clear that sewage is detrimental. So far as the 1913 
collections show, there is*a rather definite growth period in September, 
though there are several prominent pulses through the warm season 
just as there were in Illinois. Minor pulses at from two to six weeks 
intervals were quite prominent characteristics of the occurrence of 
this organism everywhere. The steady decline from the September 
maximum in spite of occasional minor pulses strongly supports 
Kofoid’s view that temperature is the most potent factor influencing 
production. 

The time of maximum production corresponds fairly well with the 
time of greatest production of total plankton mass (plate 1), though 
the largest number is reached a little later. It is, however, coincident 
with the maximum of the total count of organisms. To this last total 
M. granulata contributes largely since it is the most abundant local 
planktont at Stations II and 111. Owing to its large numbers it also 
contributes a very considerable mass. 

There was a good deal of variability in this species. Spines varied 
from very coarse, prominent projections to none. Granulation was 
very prominent in some eases, absent in others. There was a wide 
variation in size. This was so great that for a time a small form 
was listed as M. granulata A and counted separately (tables 1-3). By 
so doing the main count was fairly well restricted to the more nearly 
typical granulata and to the variety spinosa. Sometimes these seemed 
to be nearly equal in numbers but usually the spinous form was less 
noticed than the other. 

Various encumbrances of the filaments were common. None of 
these were certainly identified. The only one counted was a small 
Rotifer egg listed as Diwrella sp., by guess. 
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No effort was made to determine the average number of cells in a 
filament but it was probably not less than five. The cells composing a 
filament were much longer in proportion to width than they were fig- 
ured in the literature consulted. A common form about the time of 
maximum numbers had cells about five times as long as wide. 


Melosira varians Ag. 
Station I Station IT Station ITI Daily Hourly 
BAS Tia © gee ey ae tener ences 4,682 233,227 93,884 619 9,123 
Identification satisfactory. Losses through net heavy. Occurrence 
at Station I quite irregular in small numbers, with a maximum in 
April. Main production at other stations in first six months, two or 
three misses after that time at both. Maximum at last of May in Sta- 
tion II after steady increase for several weeks. Maximum in March 
at Station III, appearing rather abruptly. Recurrent pulses at two 
to six weeks intervals at both stations. A large September pulse is 
only indication of response to conditions similar to those of M. granu- 
lata. In fact the most favorable temperature seems to be near 18° C. 
or between 12° C. and 20° C. There is a strong pulse in late Decem- 
ber at Station II which follows about a month of temperatures below 
10° C. Hence it is certain that the two species are distinctly different 
in the responses to temperature. While M. varians is overshadowed in 
productiveness by M. granulata, it is yet to be reckoned an important 
planktont here. 


Navicula affins Ehrbg. 


Identification doubtful. Losses through net heavy. Recorded 
eleven and eight times at Stations II and 111 respectively in rather 
small numbers. Not sufficient data for discussion. 


Navicula alpestris Grun. 
Station I Station II Station IIT Daily Hourly 
TAY. CTA C We ceeeeer as tescetet fevemercos 6,746 76,645 29,979 3,929 55,357 
Identification doubtful. Losses through net very heavy. Occur- 
rence at Station I in small numbers and very scattering through the 
year. Not much better record at Station III. Appears in March at 
Stations II and III. Maximum at Station II on May 31 after two 
months of fairly steady increase, followed by slow decline to August. 
Seems to be favored by moving water. Its long continued presence 
seems to indicate that it is a true planktont, and it is probably of 
considerable importance. 
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Navicula bacillum Ehrbg. 

Station I Station II Station III Daily Hourly 

INSOLE eee 56,910 169,399 42,869 16,079 65,103 


Identification doubtful. Percentage retained by net must be very 
small. It may seem a waste of time to list so many diatoms of uncer- 
tain identity, especially of the smaller forms, but it is the writer’s 
opinion that to do so may serve two purposes: first, to give a faint idea 
of the large number of forms present; second, to show how very many 
forms there are beyond the reach of ordinary quantitative methods. 
For example the small diatom listed under this present heading was 
quite probably present in one hundred times the numbers recorded, 
possibly more. It appears in April at all stations and is erratic in 
appearance and numbers after that. The maximum appears in Sep- 
tember at Station I and Station III but in June at Station II. In the 
circumstances no safe conclusions can be drawn from such a small 
organism. 


Navicula didyma Ehrbg. 


Identification doubtful. Losses through net heavy. Recorded once 
at Station I, ten times at Stations II and III, always in small numbers. 


Navicula dubia Ehrbe. 


Identification doubtful. Losses through net heavy. Recorded six 
times at Station I, four times at Station II and five times at Station 
III in small numbers. 


Navicula gracilis Ehrbg. 
Station I Station IT Station IIIT Daily — Hourly 

PAS OUAQ OC, oes 2a cencceesciccscteesscie 209,568 722,906 1,514,448 166,204 1,177,953 

Identification uncertain. Losses through net very heavy. Re- 
corded in every month at all stations. Maximum in August at all 
stations on a rather abrupt rise in numbers. Certainly favored by 
higher temperatures and quiet water but hindered by sewage. These 
points are shown by the remarkable development at Station III with 
quiet water but with little sewage and by the fact that the large num- 
bers shown by Station II through May probably came from the 
washing out of some sloughs where there had been a time of quiet 
just preceding. Recurrent pulses are fairly well marked. This form 
is evidently very important numerically. The count may include 


several species. 
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Navicula sp. 

Under this head are included a number of forms thought to be 
Navicula. Some of these were first recorded as N. oblonga, N. pusilla, 
N. rhomboides and N. smithii, but the numbers were few and the iden- 
tity uncertain, so it was more convenient to place them this way. 
There is nothing of particular importance to be obtained even from 
the combined record. 


Navicula viridis Ehrbg. 


Station I Station II Station III Daily Hourly 
DASVOT RO. eae cen tennessee saree 169 27,659 4488) oe ee 985 


Identification satisfactory. Losses through net probably heavy. 
Numbers very small at Stations I and III. Maximum in May at 
Station II where the numbers were larger and there were few col- 
lections showing none. For purposes of discussion it is unfortunate 
that the only Navicula named with confidence presents too few num- 
bers to warrant much attention. 


Nitzschia acicularis Kiitz. 


Station I Station II Station IIT Daily Hourly 
NAA SHENG), Bekacereen eso Sree martes 2,878,662 316,042 476,223 4,390,368 600,166 


Identification satisfactory. Probably very small percentage re- 
tained by net. Present throughout the year at all stations. Maxima 
in June at Stations I and II, in late August at Station III. Numbers 
well sustained through summer at all stations, with a conspicuous 
September pulse. Evidently a summer planktont favored by tem- 
peratures above 20° C. Just as evidently favored by the sewage at 
Station I as shown by the enormous averages there in comparison with 
the averages at other stations. Recurrent pulses fairly well marked. 
Certainly of great numerical importance though its small size would 
keep the volumetric showing low. 


Nitzschia spp. 

Under this heading are discussed four or more species of Nitzschia 
all but one of which are doubtful as to identification. Nitzschia angu- 
laris was satisfactorily determined but N. sigma, sigmoidea and vermi- 
cularis were all somewhat doubtful, at least sometimes. They were 
all listed separately in the tables but the occurrence was so erratic and 
the probable losses from the net so heavy that it hardly seemed worth 
while to attempt to draw any conclusions from the records of any of 
them. It might be noted, however, that all Nitzschia are favored by 
higher temperatures, but that none of these do well in sewage, N. 
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acicularis being exceptional in that respect. It may also be the only 
true planktont, all the others being adventitious. 


Pleurostauron parvulum Grun. 


Station I Station II Station IIT Daily Hourly 
PAN VIOLA DC) incest ive Su sccccseesteeshaeace 34,372 261,925 149,609 310 28,521 


Identification probable. Probably very small percentage retained 
by net. Almost entirely absent from Station I through July, August 
and September. Few during last half of year. Maximum in May 
at Stations I and II and in March at Station III. Heavier represen- 
tation in first half year at all stations. Hence it appears to be favored 
by flood waters and lower temperatures. Larger numbers at Station 
II and III indicate bad effects of sewage at Station I. Must be of 
numerical importance. 


Stauronets phoenicenteron Ehrbg. 


Station I Station II Station III Daily Hourly 
TNS AS ENA 2a eer ee Ce 115 5,746 S20) | See es 8,188 


Identification satisfactory. Losses through net probably heavy. 
Found at various times of year at all stations but in small numbers. 
Recorded only six times at Stations I and III. Maximum in May at 
Station II. Probably adventitious. 

Surirella spp. 


Station I Station II Station III Daily Hourly 
PX ACVEN ORS). renee eee 14,270 753,747 404,242 12,303 305,828 


Genus identification certain. Probably at least four species in- 
eluded under this heading. Losses through net heavy. Present 
through year at all stations. Maximum in August at Stations IT 
and III. The representation at Station I was light and scattering 
and though the maximum came in May it cannot be considered very 
important, especially since large pulses came at that time at the 
other stations. This planktont is evidently favored by temperatures 
above 20° C. and retarded by sewage. Both in numbers and volume 
it makes an important contribution to the plankton population. 


Synedra radians Kiitz. 


Station I Station II Station IIT Daily Hourly 
PANES GY cops eee 389,043 144,508 194,502 1,126,141 486,236 


Identification doubtful. Probably very small percentage retained 
by net. This is one of those very small forms so difficult to handle 
in a count. Its appearance on the record at mid-July is simply due 
to the fact that its continued presence seemed to demand some definite 
notice. The occurrence before that date must be ignored because of 
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failure to decide to record it. There is enough record to indicate 
that it is a warm weather form and not nearly so well represented in 
the colder months. 


Synedra ulna Ehrbe. 
Station I Station II Station IIT Daily Hourly 
Appera ge. sakes Wine Sa. 655,730 730,339 744,781 2,351,197 305,169 
Identification uncertain. Probably includes at least three or four 
other species with possibly some similar genera. This probably ac- 
counts for the similarity of numbers and distribution at all stations. 
Maximum in August at Stations II and III, in June at Station I 
with a large pulse in August. Certainly favored by higher tempera- 
tures. Losses through net heavy. An important local planktont. 


Tabellaria spp. 

Identification of genus satisfactory. Occurrence at all stations 
rare. Evidently unimportant here. It was thought that both 7. 
fenestrata and T. flocculosa were recognized a few times. This genus 
is apparently no more at home here than Kofoid (1908) reported it 
to be in Illinois. 

The following forms of Bacillariaceae were recorded only once 
or twice at the three stations, or were thought to be recognized in 
living material: 


Amphora coffeaeformis Ag. Once, I and twice, III. 
Amphora sp. Once, I and III. 

Coceoneis placentula Ehrbg. Once, II. 

Cocconeis sp. 

Coscinodiseus sp. Once Stations I and III and daily. 
Cyclotella schroeteri Lemm. Once, I. 

Cymbella helvetica Kiitz. Once, IT and III. 
Cymbella lanceolata Ehrbg. 

Cymbella parva W. Sm. Twice, I, once at II and III. 
Cymbella pusilla Grun. 

Cymbella prostrata Berk. 

Denticula sp. 

Diatoma sp. 

Diatoma vulgare Bory. Twice, I, once at III. 
Diatomella sp. Grev. Once, I and II. 

Epithemia granulata Ehrbg. 

Epithemia sorex Kiitz. Once, ITT. 

Epithemia sp. 

Epithemia turgida Ehrbg. Onee, IT. 

Eunotia flexuosa Kiitz. Once at Station I, twice at III. 
Eunotia major W. Sm. Once, III. 

Eunotia pectinalis Kiitz. 

Fragillaria mutabilis. 
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Gomphonema acuminatum Ehrbg. Once, III. 
Gomphonema olivaceum Lyngb. Twice, II. 
Gomphonema subelavatum Grun. 

Gyrosigma attenuatum Kiitz. Once, III. 
Mastogloia braunii Grun. Twice, II and III. 
Mastogloia sp. Once, IT. 

Melosira subflexilis Kiitz. Once, II. 
Navicula helvetica J. Brun. Once, III. 
Navicula lanceolata Kiitz. Once, I. 
Navicula oblonga Kiitz. 

Navicula pusilla W. Sm. 

Navicula rhomboides Ehrbg. 

Navicula smithii Breb. 

Nitzschia dubia W. Sm. Once, II. 

Nitzschia gracilis Hantzsch. Once, IIT. 
Pinnularia acrosphaeria Breb. Once, IIT. 
Pleurostauron obtusum Lagerst. Once, I and II. 
Rhizosolenia longiseta Zach. Once, I and III. 
Rhopalodia gibba O. Mill. Once, I, twice, IT. 
Rhopalodia paralella O, Mill. Once, II. 
Stephanodiscus sp. Twice, I, once, IT. 
Surirella spiralis Kitz. Once, II. 


The following list of forms, identified by Professor C. J. Elmore 
of Grand Island College in Nebraska from material collected in 1915 
and sent to him for naming, will prove of interest for comparison. 


Achnanthes lanceolata (Breb) Grun. 
Amphora ovalis. 

Asterionella gracillima Heib. 
Amphiprora ornata Bailey. 
Bacillaria paradoxa Gmel. 
Ceratoneis arcus Ehr. 

Cocconeis pediculus Ehr. 

Cyclotella meneghiniana Kiitz. 
Cymatopleura solea (Breb) Grun. 
Cymatopleura elliptica (Kitz) W. Sm. 
Cymbella gastroides Kiitz. 
Cymbella lanceolata. 

Cymbella pusilla. 

Diploneis (Navicula) elliptica. 
Eneyonema turgidum (Greg) Grun. 
Epithemia gibba (Ehr) Kitz. 
Epithemia ocellata Kitz. 
Epithemia turgida Ehr. 

Eunotia robusta. 

Fragilaria eapucina Desm. 
Gomphonema montanum. 
Gomphonema constrictum Ehr. 
Gyrosigma kiitzingii (Grun) Cl. 
Gyrosigma parkerii. 

Gyrosigma scalproides (Rabenh) Cl. 
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Gyrosigma spencerii (W. Sm) Cl. 
Homoeocladia (Nitzschia) acicularis. 
Homoeocladia amphioxys. 
Homoeocladie obtusa. 
Homoeocladia sigma. 
Homoeocladia spectabilis. 
Homoeocladia tryblionella, 
Melosira granulata (Ehr) Ralfs. 
Melosira crenulata Ehr. 
Melosira distans. Kutz. 
Melosira varians Ag. 

Navicula ambigua. 

Navicula borealis. 

Navicula eryptocephala Kutz. 
Navieula iridis. 

Navicula fulva. 

Naviecula lanceolata Kitz. 
Navicula parva (Ehr). 
Navicula pupula Kitz. 
Navicula pygmaea. 

Navicula rhynehocephala Kitz. 
Navicula viridis (Nitz) Kitz. 
Nitzschia vermicularis Kutz, 
Odontidium elongatum (Ag) Kuntze. 
Sphinctocystis librilis. 
Stauroneis anceps. 

Stauroneis phoenicenteron. 
Surirella biseriata. 

Surirella ovalis. 

Surirella robusta. 

Surirella spiralis. 

Synedra acus Kitz. 

Synedra capitata. 

Synedra radians Kutz. 

Synedra ulna Ehr. 

Tabellaria fenestrata Kiitz. 


Conjugatae 


Station I Station IT 


Number of forms listed... 10 15 


[ Vou. 22 


Hourly 
5 


Average number of indi- 
viduals per cubic meter 


121,653 331,687 420,463 26,827 931,948 


The representation for this group is mainly desmid but there 
were a few filamentous forms such as Spirogyra included occasionally. 
These latter occurred in such small quantities, however, that they 
had no appreciable volumetric effect and the count serves to show 
their relative importance quite clearly. Including one form of 
Spirogyra there are seven species of Conjugatae listed here which 
will be given separate discussion. Even among the desmids the num- 
ber of individuals was not great. 
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DISCUSSION OF SPECIES 


Clostertum acerosum Ehrbg. 


Station I Station II Station IIT Daily Hourly 
Average Soeaceca eee ere ee 539 7,108 6,161 206 10,961 


Identification uncertain. Losses through net probably large. Oc- 
currence rare, irregular and in small numbers at Station I. Found 
at almost all times of year at other stations. Maximum in September 
at both. Evidently favored by higher temperatures. 


Closterium acuminatum. 


Identification doubtful. Recorded three times at Station II and 
five times at Station ITT. 


Closteritum rostratum Ehrbg. 


Station I Station II Station IIT Daily — Hourly 
Average eee eee oes ae enone 21,580 8,322 4,494 929 3,045 


Identification satisfactory. Losses through net probably large. 
Recorded only seven times at Station IT, five times at Station III and 
occurrence rare at Station I until late summer. Maximum at Station 
I in August. Distinctly a summer planktont. Apparently favored 
by sewage. 


Mougeotia sp. 


Station I Station II Station III Daily Hourly 
SEES 75,517 262,429 269,657 23,118 793,870 


Identification of genus satisfactory. This was decidedly the most 
abundant of the filamentous Conjugate. Rather prominent at all sta- 
tions in July, August and September with maximum in last week of 
August or first of September. Not found often or in large numbers at 
other times. Favored by temperatures above 20° C. and somewhat 
hindered in development by sewage. 


Spirogyra protecta Wood. 


Identification uncertain. Occurred once at Station I, five: times 
at Station II and nine times at Station III. Never in very large 
numbers. So far as catches show it is unimportant in every way. 


Staurastrum sp. A. 


Station I Station II Station III Daily Hourly 
PAGY. OT UO) eecse sacs cen cnceeenncoretrces 8,741 97,529 128,529 1,548 87,419 - 


Genus certain. Species description not found in any literature 
available. Only the more voluminous references at the University of 
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California have been consulted, however. This Stawrastruwm is the 
most delicate and graceful of any ever observed by the present writer. 
Losses through net probably very heavy. Occurrence as recorded at 
Station I, small in numbers and scattered; May is the only month 
yielding none. More abundant at other stations but missing in Jan- 
uary and May. Maximum in September at all stations. This comes 
after several weeks of strong development at Stations II and III. 
Evidently favored by higher temperatures, 20° C. or above, but hin- 
dered by sewage. Probably of considerable importance in summer. 


Stawrastrum spp. 


Station I Station II Station III Daily Hourly 
IAW OTD Go ae? Sree veceetnctsececo-- 3,566 38,901 37,338 826 12,207 


Probably three or more Stawrastrwm are included under this head- 
ing. There were a large number of different kinds found at various 
times at different stations. All seem to be rather closely confined to 
the warm season and to the water with least sewage. 

The following forms of Conjugatae were recorded only once or 
twice or were thought to have been recognized in living material. 


Closterium gracile Breb. 
Closterium lineatum Ehrbg. Once, III. 


Closterium lunula Ehrbg. Once, II, and III. 
Closterium obtusum Breb. Once, II. 
Cosmarium botrytis Menegh. 

Cosmocladium saxonicum DeBy. 
Didymoprium sp. 

Docidium sp. 

Sphaerozosma vertebratum Ralfs. 

Spirogyra fluviatilis Hilse. Once, II. 
Spirogyra majuscula Kiitz. Once, II. 
Spondylosium depressum Arch. 

Staurastrum alternans Breb. Once, III. 
Staurastrum cuspidatum Breb. 

Staurastrum eustephanum Ehrbg. Once, I and Daily. 
Staurastrum macrocercum. 

Staurastrum vestitum Ralfs. 

Xanthidium sp. 

Zygnema sp. 


CHLOROPHYLL BEARING ORGANISMS 


So few flagellates were found that were clearly non-chlorophyll 
bearing, there was so much difficulty in separating the two types, 
and the characteristics of the Mastigophora so clearly resembled those 
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of the algae, that it was finally decided to give a list of totals of 
algae (except Bacteriaceae) plus Mastigophora under the heading of 
chlorophyll bearing organisms (tables 1-5). This plan was also fol- 
lowed with the graphs in plates 3 to 6. A separate list of algae is 
given under headings of Total Phytoplanktonts (text table 1, p. 31), 
but no graph was made for it as the slight apparent difference did not 
seem to warrant it. 

It will be noticed that this combination shows marked coherence 
through the year. There is a rather prominent pulse in every month 
through the first nine months at Stations I and II and in almost every 
month at Station III. There is steady increase in numbers from May 
to September at Stations II and III followed by a steady decline to 
the end of the year, and at Station I the numbers were well maintained 
from May to September with a steady decline following. The most 
striking difference in the three stations concerns the maxima. The 
maximum came in June at Station I and in September at the other 
two. The June maximum at Station I was due, however, to the 
enormous numbers of Cyclotella at that period. With Cyclotella ex- 
erting less influence on the totals or entirely omitted, the general 
features of occurrence look much the same at Station I as at the other 
two stations. 

The response to higher temperatures is quite noticeable at all sta- 
tions, the larger numbers being especially characteristic of the time 
from June to November when the temperature was usually near or 
above 20° C. This, however, is also the time at which there was 
least disturbance of the water. 

The recurrent pulses were very striking and may be conveniently 
illustrated by Station II where the dates and intervals ran as fol- 
lows: January 19, three weeks to February 8, three weeks to March 
1, four weeks to March 29, three weeks to April 19, four weeks to 
May 17, three weeks to June 7, three weeks to June 28, five weeks to 
August 2, three weeks to August 23, two weeks to September 6, five 
weeks to October 11, seven weeks to December 6. 

Fluctuations at Station II and III also showed a very close cor- 
respondence with the volumetric record. This is probably because 
the algae and Mastigophora furnished a large part of the volume at 
those stations (plates 1, 4, 5). Such a conclusion is supported by 
the fact that there is no such correspondence at Station I where the 
Rotifera and Entomostraca furnish much of the volume (pl. 1, 3). 
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PROTOZOA 
Station I Station II Station IIT Daily Hourly 
Number of forms recorded 75 53 59 26 34 
Average number of indi- 
viduals per cu. meter -...... 5,194,416 3,494,065 3,634,131 3,880,462 7,908,872 


The number of forms recorded is 116 but that is certainly consid- 
erably less than the real number of species. Identification was very 
difficult, not only of species but of genera. Many species were indis- 
tinguishable under conditions of counting and some that were re- 
corded for a time were abandoned later when high power study 
showed how great the error was. Distortion of preserved material 
was a great factor affecting accuracy of counting of Protozoa. Even 
such strikingly different species as the two stentors, (S. coeruleus and 
S. niger) could not be separated with full confidence during the 
count. For these reasons the list of Protozoa shows more often than 
that of algae names which inelude several forms within rather ill 
defined limits. 

Notwithstanding the great diversity of characteristics shown by 
several prominent protozoan planktonts, the distribution of totals 
through the year at different stations deserves some attention. The 
totals of non-flagellated Protozoa at all stations agree in that there is 
light representation in January, February and December, with an 
equally well defined heavy representation from May or July to mid- 
November. Station I averages about 60 per cent higher on its totals 
than either of the others but its maximum is only slightly greater. 
The maximum for Station I falls on August 13 but it is almost 
equalled by a similar pulse in November. The maximum for Station 
II comes on October 4 and for Station III on August 15, but the latter 
record is almost equalled by a further pulse on October 4. There is 
then substantial agreement of all stations in making the best showing 
as to large numbers and continuity of numbers in late summer and 
through autumn, when temperatures are rather high, the water quiet 
and the organic content great. 

The inclusion of the Mastigophora with the Protozoa almost de- 
stroys the definiteness referred to above. Such a combination shows 
at Station I a fairly well marked pulse in January, another in March 
and another in April, followed by a steady increase up to the maxi- 
‘mum on September 9. There were then two moderate pulses on the 
decline, which was otherwise fairly steady to the end of the year. At 
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Station II there were prominent pulses in January, February, 
March, May, July and October, while at Station III the prominent 
pulses came in February, March, April, July, August, September and 
October. It is thus apparent that the combined history is considera- 
bly different at the different stations and that the inclusion of the 
Mastigophora destroys the coherence of the Protozoa as a group. The 
totals are given both with and without the Mastigophora in tables 
1 to 5 and the reader may suit himself with the list of his preference. 
See also Plates 12-14. 


Mastigophora 
Station I Station II Station III Daily Hourly 
Number of forms recorded 33 30 31 20 20 


Av. number per cu. meter.. 3,708,569 2,629,112 2,631,702 1,853,429 3,931,892 
Almost all of the Mastigophora were too small to be retained by 
the silk net to any great extent. This is probably the main reason for 
the fact that the averages recorded are exceeded from twenty-five to 
forty times by Kofoid’s averages (1908) in Illinois. It is certainly 
true that other factors might be expected to operate, as mentioned 
before in this paper, but this is so obviously sufficient in itself to 
account for the difference that it seems useless to inquire further. 

Mastigophora were present at all stations throughout the year, 
although the numbers were quite small for the first few catches. This 
may be partly due to the fact that the net used before January 15 
was of slightly larger mesh than the regular number 25 which was 
ready by that date. By far the larger proportion of the flagellates 
came in the last six months, even December showing much more than 
June. There were, however, two or three strong pulses in January 
and February at all stations. Hence the general indication seems to 
be that quiet water or even stagnation is about as important as tem- 
perature in controlling production. The greater numbers at Station 
I also indicate that sewage is favorable to this group. The maximum 
at Station I was reached in September, at Station IIT in October and 
at Station III in November. These dates are largely due to Chromu- 
lina sp., a form very unreliable for suggesting conclusions, both on 
account of its small size and the uncertainty of identification. 

The recurrent pulses of Mastigophora were not so distinct as they 
were in the case of the total chlorophyll bearing organisms. The 
semi-weekly collections at Station I seem to obscure them rather than 
make them more distinct. At any rate the intervals vary from eleven 
to forty days in a rather indefinite way. Indications at the other 
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two stations are not much better. Evidently we have again too much 
influence of Chromulina in the record. Since the only other flagel- 
late showing very large numbers is Trachelomonas, itself very small, 
it seems hardly worth while to attempt any conclusions from net col- 
lections. 


DISCUSSION OF SPECIES 


Ceratium hirundinella O. F. Mull. 


Identification satisfactory. Loss through net probably very heavy. 
Occurrence rare and in small numbers, four times at Station I in 
September and October. Five times at Station II in June, July, Au- 
gust and September. Three times at Station III in July, September 
and October. 


Cercomonas crassicauda Duj. 


Identification satisfactory. Loss through net very heavy. Ocecur- 
rence rare and in small numbers. Recorded at Station I nine times 
at wide intervals from July to the end of the year. Twice at Station 
Il in July and September. Five times at Station III in June, August 
and September. 


Cercomonas sp. 


Identification of genus doubtful. Recorded seven times at Station 
I in August and September, and once at Station IIT. 


Chlamydomonas sp. 


Identification of genus doubtful. Recorded eight times at Station 
I from July to December, five times at Station II from May to October 
and twice at Station III in February and May. 


Chromulina spp. 


Station I Station II Station IIT Daily Hourly 
ANGLE G Ciao eter eee 2,760,969 2,225,384 2,241,982 4,136,123 30,256,512 


Identification uncertain. May include various minute genera not 
readily distinguished while counting. Percentage retained by net 
surely very small. Found in every month at all stations but ocea- 
sionally not recorded in the first half year. Constantly present after 
July. Maximum at Station I on September 13, Station II on Octo- 
ber 26, and Station III on November 22. Evidently favored by warm 
and quiet water and not much affected by sewage. 
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Cryptomonas sp. 

Identification doubtful. May be confused with some other forms. 
Loss through net heavy. Reeorded at Station I in considerable num- 
bers in latter part of year. Only once at Station II and four times 
at Station III. Distinctly favored by sewage and low temperature 
but relatively indifferent to quiet water by this showing, which agrees 
pretty well with Kofoid’s findings (1908) in Ihnois. 


Dinobryon sertularia Ehrbg. 


Station I Station II Station III Daily Hourly 
ENNACHEIR) hn ee ee eee 11,481 91993) «execs Seteeecteeeacse 


Identification of species frequently uncertain. Loss through net 
probably large. Occurrence rare at Station I and in small numbers 
of colonies at that. Recorded eleven times at Station II in four, well 
marked groups at the last of March and May, first half of June and 
through most of November. Maximum in May and June. Recorded 
frequently at Station III from March to July and again in November. 
Absent at other times. Favored by cooler water or flood time and 
hindered by sewage. Although the numbers here were small the 
distribution resembles that recorded for Illinois most remarkably. On 
the present showing it cannot be regarded as a very important plank- 
tont here. While not followed very far, the general impression given 
by the condition of the colonies here leads to support of Kofoid’s 
contention (1908) that the synonymy of this species has been need- 
lessly extended and that all the variant forms might be included 
under one species name with advantage. 


Eudorina elegans Ehrbg. 


Station I Station II Station IIT Daily Hourly 
NN CTEM cst eee 11,277 84,275 71,776 ool 376,375 


Identification usually certain. Found throughout the year at 
Stations II and III with only six scattered periods of absence at each. 
Numbers much smaller and absences more apparent at Station I 
where it was only twice recorded in May, entirely absent in August 
and most of September, last half of October and first half of Novem- 
ber. Evidently deleted by sewage. Maximum in October at this 
station, on August 9 at Station II and III. Contrary to the Illinois 
record the period of greatest abundance in our river is in the warm- 
est season and almost at greatest stagnation. The complete absence 
at Station I at this time, however, may throw some light on the Illinois 
situation. Hither the sewage is more injurious to this organism in 
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warmer weather or else its enemies multiply faster under such con- 
ditions and so keep it down. The substantial agreement of Stations 
II and III upon such a point in opposition to Station I makes it al- 
most certain that sewage or organic content is in some way a more 
influential factor than temperature in the warmer season. There 
are some indications of recurrent pulses at all stations but they ecannct 
be readily followed through the year. Parasitized colonies were fre- 
quently found, especially through the warm season. Hudorina is evi- 
dently a more important planktont here than in Illinois except at 
Station I where it is about the same. 

One experience in collecting at Station I gives some interesting 
evidence as to the occurrence of swarms. The regular collection was 
taken near shore from the boat landing, one morning about 8 o’clock. 
On examination of the living material under the microscope after 
reaching home it was found to contain unusual quantities of Hudorina. 
It seemed a favorable time to make a special collection to send to 
Professor Kofoid so another trip was made to the same spot and 
hauls taken as nearly as possible in the same way as before. Although 
there had been a time interval of less than two hours seareely any 
Eudorina could be found anywhere about. Weather conditions had 
not changed and there had been no great disturbance of the water by 
boats as it was on a Sunday morning when the traffie was light. 


Euglena deses Ehrbg. 


Identification satisfactory. Loss through net heavy. Recorded at 
Station I five times and once at Station IT. 


Euglena viridis Ehrbg. 


Station I Station II Station III Daily Hourly 
PXNAQHENGS) Sanco cere ese eee 51,693 11,782 13,592 306,464 28,975 


Identification satisfactory. Probably very small percentage re- 
tained by net. Occurs mainly in summer and early fall at all sta- 
tions. Maximum in July at Station I and III, June at Station IT. 
Apparently favored by sewage, quiet water and temperatures above 
20° C. Information from silk net catches not reliable beyond this. 


Hemidinium nasutum St. 


Station I Station II Station IIT Daily Hourly 
Arenaig elise ee sale eee 535,079 28,482 26,967 298,971 293,432 


Identification doubtful. Very small percentage retained by net. 
Recorded only in last half of year at all stations, possibly because not 
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definitely distinguished before. Very few at any station after mid- 
October. Far more numerous at Station I than at either of the others. 
Certainly favored by temperatures near or above 20° C. by quiet 
water and by sewage. 


Mallomonas sp. 


Identification of genus certain. Recorded three times at Stations 
I and III in small numbers. 


Pandorina morum Bory. 


Station I Station II Station ITT Daily Hourly 
Average eee ace erate nan nnoaee 2,752 16,804 15,457 103 102,150 


Identification satisfactory in most cases. May sometimes include 
young colonies of Hudorina or Pleodorina. Probably some loss through 
net. Occurrence at Station I frequent in small numbers through first 
three months, after that at irregular intervals usually several weeks 
apart. Fewest in warmer months. Maximum on March 26. At Sta- 
tion II most constant occurrence was through February and March in 
moderate numbers. Maximum of 105,792 reached in each of the four 
months of June, July, August and September. At Station IIT fairly 
constant in February and March, November and December. Records 
grouped at irregular intervals between. Maximum in May. Although 
the reeords differ strangely at the three stations it seems fair to infer 
that sewage is deterrent, especially during stagnation but that warmer 
waters are favorable if stagnation could be avoided. It is possible, 
however, that the organism was not captured so constantly in warmer 
waters because those were the quiet waters, hence there were no cur- 
rents to mix it through the whole body of water. If this be true it is 
easy to see that the net might at one time traverse a “‘swarm’’ of 
the organisms but miss it entirely at another time. 


Peridinium cinctum Ehrbg. 
Station I Station II Station IIT Daily Hourly 
INSTCTENERE? cosets tence eres eoae 34,262 5,209 18,732 111,324 12,207 


Identification uncertain. Probably very small percentage retained 
by net. Occurrence rare in first half year at all stations. Recorded 
only six times at Station II and seven times at Station III. Evidently 
favored by sewage, since it occurred frequently in rather large num- 
bers at Station I from late June to late November. Maximum appar- 
ently in July with most consistent record in September. Evidently 
favored also by temperature of 20° C. or over, and by quiet water. 
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Peridinium sp. 

Identification of genus satisfactory. Species different from P. 
cinctum but not placed. Recorded four times at Station II three 
times at Station III. 


Phacus pleuronectes Ntz. 


Station I Station II Station III Daily Hourly 
JAS Ve Teale Gee seceves erases raae es 25,375 1,048 SPSS ace See 


Identification questionable. Loss through net probably very heavy. 
Occurrence twice at Station II and thrice at Station III in small num- 
bers. Recorded with only five exceptions at Station I through last 
three months of year. May have been overlooked before. Kofoid 
(1908) designates this genus and this species as a summer planktont. 
The failure of the record here to support fully this view may be due 
to small size and consequent inaccuracy with silk net catches. 


Platydorina caudata Kofoid. 


Station I Station II Station III Daily Hourly 
PROTEUS, | Sapte sb ses ecpsacseeeete 431 3,569 5,020 206 48,290 


Identification positive, Loss through net considerable. Occur- 
rence quite distinetly limited both by temperature and sewage. Re- 
corded only six times at Station I, all at variable intervals from Au- 
gust 2 to November 1 and in very small numbers. Nine occurrences, 
mainly in August and September at each of the other stations. No case 
of occurrence in temperature less than 17° C. Maximum at Station 
I on September 2, Stations II and III on September 13. Considering 
the small numbers and the short period of occurrence, the similarity 
of occurrence at the three stations is most remarkable. All stages of 
development were found and special collections were made for Pro- 
fessor Kofoid in order that he might study some features of develop- 
ment. 


Pleodorina californica Shaw. 


Station I Station II Station III Daily Hourly 
TNS SUEY) cece eres reer 123 21,231 6,282 413 67,751 


Identification certain. Probably most of the matured colonies 
were retained by the net. Recorded only twice (in August) at Sta- 
tion I. Evidently strong sewage is deterrent though Kofoid (1908) 
mentions sewage as probably a factor leading to larger numbers in 
1897 than in 1898. Station II showed the only consistent develop- 
ment of this organism. After being recorded in mid-June it was not 
found until three weeks later when it began an eight weeks period of 
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steady increase to a maximum on August 31, followed by a three 
weeks decline, after which there were three isolated records. Station 
III showed no distinct maximum but the nine catches were distributed 
over about the same period from July to mid-November. It seems 
clear enough then that too much organie matter, and possibly too 
great stagnation, is detrimental and that the optimum temperature 
is above 20° C. 


Pleodorina illinoisensis Kofoid. 

Identification uncertain. Probably some loss through net. Re- 
corded once at Station I, twice at Station II and four times at Station 
II, all in small numbers. <A puzzling thing about this form is that 
when examining fresh catches in 1913 the writer was sure he found 
it frequently and in considerable numbers. Hence he was somewhat 
surprised at not finding it readily while counting. About the only 
conclusion possible is that it is very hard to distinguish this form 
from Eudorina elegans in preserved material. Chodat (1902) and 
others would doubtless say that this fact supports their view that P. 
illinotsensis is only a stage of development of Eudorina. 


Pteromonas sp. 

Identification probable. Loss through net heavy. Occurrence 
irregular and rare. Recorded ten times at Station I between June 
21 and October 8, three times at Station II and twice at Station IIT. 
Apparently favored by sewage, stagnation and higher temperatures. 


Spondylomorum quaternaritwm Ehrbg. 
Identification certain. Loss through net heavy. Occurrence very 
rare in small numbers. Recorded twice at Station I, once at Station II. 


Synura uvella Ehrbg. 


Station I Station II Station IIT Daily Hourly 
LAST ORENSG) aacsteee eee 6,415 30 4,462 Ds 2a erecaeenceee 


Identification uncertain. Colonies only counted. Loss through 
net probably very heavy. Occurrence greatest at Station I but at 
wide intervals there. Numbers recorded usually rather small. From 
our records it seems to do best at about 20° C. Maximum at Station 
IT in August. Also evidently favored by sewage and stagnation, since 
it is recorded only once at Station II and five times at Station ITI. 
Certainly much less important than in Illinois, even with full allow- 
ance for escape through the net. 


74 University of California Publications in Zoology (Vou. 22 


Trachelomonas euchlora Lemm. 


Station I Station II Station III Daily Hourly 
PNA TENET AAS) | aeaeea oeeeeemeeer eeepc rer a 14,295 21,739 30,180 7,032 56,965 


Identification uncertain. Small percentage retained by net. Found 
frequently in first half year at all stations. Rare in second half year. 
Warmer waters, sewage and stagnation seem to be deterrent, since 
numbers were smallest at Station I and during the period from June 
to October. 


Trachelomonas volgensis Lemm. 
Identification probable. Loss through net very heavy. Recorded 
five times near last of year at Station II and six times at Station IIT. 


Trachelomonas volvocina Khrbg. 


Station I Station II Station III Daily Hourly 
VARY C1810 @ uasetireaetuerteceeae orncearece 268,091 134,297 180,692 179,473 512,684 


Identification uncertain. Loss through net very heavy. Recorded 
in every month at all stations. Maximum at Station I on August 20, 
at Station II on September 13, and at Station III on August 31. 
While a number of minor pulses are readily distinguishable at all 
stations, the percentage of loss is too uncertain to encourage conclu- 
sions. The maxima of the three stations coming so close together lead 
to the idea that temperature is an important factor for this form 
and that it does best above 20° C. The difference in averages listed 
above supports the view that sewage is beneficial and this is strength- 
ened by the fact that several catches at Station I exceed the maxima 
at Station II and III. Stagnation seems favorable at all stations. 


Volvox aureus Ehrbg. 
Identification satisfactory. Recorded only at Station II, five 
times in August and September. 


Volvox globator L. 
Identification satisfactory. Recorded only at Station III twice, in 
September and December. 
The following forms of Mastigophora were recorded only once or 
twice, or else they were thought to be present in fresh material: 
Anthophysa sp. Once, I and Daily. 
Chilomonas paramoecium Ehrbg. 
Dinema sp. Once, III. 
Diplosiga sp. All stations. Not counted because too small. 
Diplosigopsis entzi France. Once, II. 


Euglena acutissima Lemm. 
Gonium pectorale O. F. M. Once, II and III and Hourly. 
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Gymnodinium sp. 
Hyalobryon sp. 
Mastigamoeba sp. Once, Station I, Station II and Hourly. 
Oikomonas sp. Once, Station I. 
Phacus longicauda Duj. Station I. 
Salpingoeca sp. 
Synerypta sp. Once, Station IT and III. 
Uroglena volvox. Once, Station III and Hourly. 
Rhizopoda 
* Station I Station II Station IIL Daily Hourly 
Number of forms recorded 13 14 17 7 9 


Average number of indi- 
viduals per cubic meter 167,328 150,817 288,365 101,802 396,950 


Rhizopoda, according to our records are from five to ten times 
as numerous as in Illinois. This is probably erroneous, however, 
since Difflugia contributes mainly to this showing and the Difflugia 
count includes an unknown percentage of Tintinnidiwm. Conceding 
this error to be very large, it still seems safe to say that the Rhizopoda 
were at least as important as in Illinois where Kofoid (1908) gives 
them a high rank because they are bottom living forms, actually 
present in far greater numbers than the catch of floating forms could 
possibly indicate. This adventitious character is just as strongly 
marked here as there, since all the recorded forms are irregular in 
distribution and erratic in occurrence. The group as a whole con- 
tributes most during the warmer season. This might be expected as 
a result of greater activity of the animals rendering them more liable 
to dislodgment. Larger numbers produced would also mean larger 
numbers dislodged. Heavy food supply would also account for it in 
part because, as Kofoid (1908) says, it means greater oil and gas 
production in the body of the animal thus reducing the specific 
eravity. 

DISCUSSION OF SPECIES 


Amoeba proteus Rosel. 


Station I Station II Station IIT Daily Hourly 
J NSA OENRD) cere rae 2,782 14,487 3,645 206 61,0384 


Identification uncertain. Probably includes several species. Amoeba 
proteus was the large form most frequently observed and so the name 
is used as being probably most frequently correct. Occurrence rather 
irregular at all seasons of the year. All stations agree in showing the 
largest numbers at about the height of the warm season, ie., in Au- 
gust at Stations I and II and September at Station III. All show 
only very small numbers in cold weather. Larger numbers at Station 
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II may be due not so much to favorable effect of clean water as to the 
slight flow in the river tending to greater dislodgment. 


Amoeba radiosa Duj. 


Station I Station II Station III Daily Hourly 
AVOra ge 222 ie. eee ssescesecsesees 18,202 11,528 17,852 206 12,209 


Identification satisfactory. Losses through net probably great. 
Although Kofoid (1908) counts A. radiosa with A. proteus, it is given 
separate listing here because it was the one form that seemed to be 
always clearly recognizable under conditions of counting. Hither 
singly or combined the two forms were decidedly more numerous than 
the combination was in Illinois, and this is true of all stations. A. rad- 
iosa was not recorded at any station until the last of April. It devel- 
oped a small pulse at Station I in May, disappeared entirely in July 
and August but reappeared in considerable strength in September. 
The maximum came in a strong abrupt pulse in late October after 
which the form disappeared again showing only two small records in 
the rest of the year. At Station II there were two occurrences in April 
and May, one (the maximum) in September and a small series of four 
records in October and November. At Station III there were scat- 
tered records from July to a September maximum, a small group in 
October and November and one catch in December. In spite of con- 
siderable differences at the three stations the record shows a rather 
definite preference for water a little below the maximum temperature. 
The larger numbers at Station I indicate a preference for sewage. 
An almost equal number at Station III warns against too much con- 
fidenee in such a conelusion, however. 

Arcella vulgaris Ehrbg. 


Station I Station II Station IIT Daily Hourly 
AVON AGC) Sass oa c acon cece ascneeeeeecac 238 523 1,790 103) === 


Identification of species uncertain. Probably includes three or 
four species. Certainly there were marked differences in shells found. 
Not very important in our plankton so far as our records show. Oc- 
curred only seven times at widely separated intervals at Station I, 
four times in April and June at Station II, and six times at wide 
intervals at Station III. Numbers always rather small. Is known 
to be very abundant in ditches near Stockton. Clearly adventitious. 


Cyphoderia anvpulla Leidy. 

Identification probable. Recorded five times at Station II, and 
four times at Station III in rather small numbers and at wide inter- 
vals. Clearly adventitious. 


a | 


~ 
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Difflugia corona Wallich. 

Identification uncertain. Recorded three times at Station I, six 
times at Station II and twice at Station III, always in small numbers. 

Difflugia pyriformis Py. 


Station I Station II Station IIT Daily Hourly 
76,692 51,957 43,846 71,508 28,483 


Identification uncertain. Surely includes several other species 
certainly includes some Codonella and Tintinnidiwm which could not 
be readily distinguished while counting. This was especially true up 
to August before the presence of Jintinnidiwm and Codonella was 
noticed. In view of this error the record for Difflugia cannot be re- 
garded as trustworthy. The variations in form are bewildering at 
best. As the record stands, the maximum seems to fall in June at all 
stations and Station I shows the largest numbers. 


Average 


Hyalodiscus sp. : ; Z ‘ 
Station I Station II Station IIT Daily Hourly 
# 26,286 15,566 DOR BiINS)  eeeseee cree 144,447 
Identification very doubtful. This form was not recorded until 
late in the season because it was small and hard to diagnose. It was 
finally decided to record it simply for the purpose of calling atten- 
tion to considerable numbers of an organism frequently occurring 
which could not be definitely designated. The condition of the rec- 


ords does not warrant conclusions. 


Average 


Microgromia socialis H. and L. 
Station I Station TI Station TII Daily Hourly 

JENSEN) | eee eee 23,280 56,487 72,004 15,976 61,0384 

Identification uncertain. Probably heavy loss through net. Oc- 
currence at Station I in every month except January and December. 
Found mainly at the other stations in July, August, September and 
October. Evidently favored by warm weather and deterred by 
sewage. 

The following forms were recorded only once or twice, or were 
thought to be present in fresh material: 


Amoeba verrucosa Ehrbg. Once, II and III. 

Diffugia acuminata Ehrbg. Onee, II and III. 

Difflugia globulosa Duj. Once, I and twice at III. 
Euglypha alveolata Duj. 

Hyalosphenia cuneata St. Twice, I. 

Hyalosphenia papilio Leidy. Twice, I, once, II and III. 
Nebela collaris Leidy. Once, III. 

Pseudodiffugia gracilis Schlumbg. Onee, III. 

Quadrula symmetrieca F. E. Sch. Once, HI and daily. 
Trinema enchelys Ehrbg. Once, III. 
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Heliozoa 
Station I Station II Station III Daily Hourly 
Number of forms recorded 8 6 10 4 4 


Individuals per cu. meter... 370,995 257,232 274,580 619,156 441,478 

While there were only a few species of Heliozoa recorded the 
numbers of some of the smaller forms were quite large and so make 
the group somewhat important. The extreme fragility under manipu- 
lation makes detailed examination somewhat untrustworthy in results 
and also invalidates the count more than in the other groups. Never- 
theless the following records seem to be fairly satisfactory. Through 
some error in copying early lists, Nuclearia and Vampyrella were in- 
cluded with Rhizopoda. The numbers do not seriously change the 
totals in the two groups, however; the totals for Heliozoa have been 
left short by that much and the totals for Rhizopods show a corre- 
sponding excess. 


DIscussION OF SPECIES 


Heterophrys focket Arch. 
Station T Station II Station III Daily Hourly 
IA Gra g Opes a ee eet 24,459 139,328 98,532 55,170 207,538 


Identification uncertain. May include other species or other 
genera at times. Thought to be usually correct. Not recorded at any 
station before July. Not present at any after October. One of the 
most definitely limited organisms on our records. Limited to a period 
of about sixteen weeks with a peculiar break in the middle (last of 
August). This is a period in which the temperature was almost con- 
stantly above 20° C. Maximum numbers on August 2 at Station I, 
October 4, at Stations IT and III. Smaller numbers at Station I in- 
dicate deterrent action of sewage. 


Heterophrys sp. 
Probably not deserving separate listing though this fact was not 
discovered until too late to change easily. 


Nuclearia simplex Cienk. 
Station I Station II Station IIT Daily Hourly 
AVICTAT G42 este eee 7,020 338 15,871 206 44,758 


Identification uncertain. No records until late in the season, 
partly because overlooked until October, partly because of indecision 
as to advisability of recording. It was finally decided that some indi- 
cation of the presence of an organism possibly belonging under this 
species name was desirable. No conclusions can safely be drawn as 
to distribution, however. 
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Raphidiophrys elegans H. & UL. 
Station I Station II Station TII Daily Hourly 

PAV OTA OG) ees a cca se ts cetcce 309,635 79,467 107,739 532,371 20,345 

Identification probable. First recorded in April at Station I and 
Station III, in Mareh at Station II. Constant in occurrence at 
Station I through June, July, August and November. Irregular at 
other times. Irregular at both the other stations except for a period 
through August and early September at Station IT, late June and 
July at Station IIT. Evidently favored by higher temperatures and 
sewage, not so much by stagnation. From these records, seems to be a 
rather important constituent of our plankton. This is somewhat dif- 
ferent from the condition at Illinois where it appeared only as a con- 
stituent of back waters. 

The following forms were recorded only once or twice or were 
thought to be present in living material. 

Actinosphaerium eichornii Ehrbg. Once, I and III. 


Diplocystis sp. 
Vampyrella sp. Once, IIT. 


Ciliata 
Station I Station II Station IIT Daily Hourly 
Number of forms recorded 32 22 25 9 10 
Number of individuals 
per cubic meter.............. 946,762 447,909 431,445 1,306,075 3,136,583 


Identification of ciliates was about as unsatisfactory as was that 
of the Rhizopoda and Heliozoa. This was due partly to distortion of 
preserved specimens and partly to small size. It is probable, how- 
ever, that totals for the group are fairly accurate. : 

Members of the group were always found throughout the year, 
except for the first three and two collections at the first of the year 
at Stations II and III respectively. Unfortunately no general con- 
clusions can be stated with full confidence from the totals of Protozoa 
because Vorticclla sp. is too largely responsible for them. This was 
because Vorticella sp. was used as a sort of catchall for a miscellaneous 
assemblage of organisms which could not be readily distinguished 
under conditions of counting. Most of these were-clearly Vorticella 
(nearly all of the short stem type) but some craspemonad flagellates 
and the like were undoubtedly counted in at times. In spite of these 
defects in the record, there is some reason for thinking that the group 
as a whole develops best in sewage water and in the higher tempera- 
tures with rather stable conditions. Since this does not agree very 
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well with Kofoid’s (1908) Illinois results and since the net error is 
undoubtedly great, too much importance must not be attached to 
such a suggestion. 

Whatever the truth may be concerning their distribution there 
is no question that the Ciliata exert a very marked influence amongst 
local planktonts, especially in Stockton Channel. The larger Ciliata 
are quite conspicuous in the catches there in the colder months. 


DISCUSSION OF SPECIES 


Askenasia elegans Bloch. 


Identification probable. Recorded only at Station I four times in 
small numbers. Thought to have been positively recognized in fresh 
material, however. 


Chilodon sp. 


Identification doubtful. Recorded four times at Station I and 
twice at Station II in small numbers. 


Coleps hirtus Ehrbg. 
Station I Station II Station III Daily Hourly 

PAV OTA CC ooo Nie cnaeesstsaseecee 7,338 3,052 4,149). ciewtcectes, wae ee 

Identification certain. Loss through net heavy. Probably also 
overlooked in counting sometimes. Recorded ten times at Station I, 
five of which came in December. Recorded twice at Station II and 
once at Station III. Evidently favored by sewage and probably by 
temperature below 15° C. 


Colpoda sp. 
Identification very doubtful. Recorded at Station I five times in 
very small numbers, once at Stations II and III. 


Cychidium sp. 
Station I Station II Station III Daily Hourly 
AN erage) 23.285 oie sies cesee 29,530 10,234 6:286) 2S 24,414 
Identification unsatisfactory. Referred to this genus purely on 
general resemblance to figures in reference books. No undulating 
membrane was visible under conditions of counting. Apparently a 
warm water form favored by sewage. Small percentage retained by 
net. 


va 
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Didinium nasutum. 

Average at Station I, 1,636. 

Identification positive. Recorded sixteen times at Station I at 
irregular intervals January to April and in November. Only once 
at Station IT and twice at Station III. Distinctly a cold water form. 
Probably heavy loss through net. 


Euplotes patella Ehrbg. 


Station I Station II Station IIT Daily Hourly 
INN OREN ER) eee ee 38,100 7,350 S068. cecivceeesl cert ene 


Identification of species fairly certain. Recorded in first three and 
four months and the last two months at all stations. Far more numer- 
ous at Station I. Distinetly favored by sewage and low temperatures. 
Spring maximum on March 19 at Station I at 14.5° C. Fall maxi- 
mum on November 12, at 17.5° C. Disappearance in April at 20° C., 
reappearance in October at 19° C. 


Euplotes sp. 

Average at Station I, 3,567. 

Recorded only twelve times at Station I (February S—April 5), 
twice at Station II and three times at Station III. Showed same 
tendencies of distribution as preceding species. Probably variety of 
same. 


Halteria grandinella O. F. Mill. 


Station I Station IT Station III Daily Hourly 
ENN OSRENERSS Sonepat oe rena Byo9O) iss. eesnes 126 206 12,207 


Identification probable. Loss through net heavy. Recorded sixteen 
times in first three months and five times in the last three months at 
Station I, only five times at Station III. Apparently adventitious 
and not of much consequence here. 


Hastatella radians Erlanger. 


Station I Station IT Station III Daily Hourly 
ENS OTE EGE acer esa 2,245 32 OG) Restceveenesee | yeseesseceeeens 


Identification positive. Probably very small percentage retained 
by net. Recorded fourteen times at Station I, once at Station IT and 
twice at Station IIT, in February, Mareh, April and December. Dis- 
tinetly a cold water form and almost as distinctly favored by sewage. 
Notwithstanding its small size this form is so distinct in appearance 
and so little deformed by preservation that the count is unusually 
trustworthy. 
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Holoph PUD ED: StationI Station II Station III Daily Hourly 
DEVIC T: OG eee scarcer aoe 109,113 76,816 103,778 140,641 870,497 


Identification very doubtful. This generic name was used as a 
catchall for a number of forms that might be referred to it without 
too great stretch of possibilities. They were usually too much de- 
formed in preservation to give any definite clue to affinities. About all 
that can be safely said is that the assemblage is favored by warmer 
waters and stagnation, probably also by sewage. 


Paramoecium aurelia O. F. Mill. 
Station I Station II Station IIT Daily Hourly 
IAVOLA QC coon ssccestenctincensnesese 10,931 1,415 OAS zc 


Identification satisfactory. Loss through net probably heavy. Oc- 
currence almost entirely limited to first two and last two months of 
the year. Hence distinctly a cold water form. Record at Station I 
fairly constant in periods mentioned, with a maximum in December. 
Numbers small and catches rare at Station II and III. Evidently 
does best in sewage, probably on account of quantities of bacteria for 
food. 


Paramoecium bursaria Focke. 
Station T Station II Station III Daily Hourly 
VAL OT BO Oya eraeere nc aeceenns esc aecw esse 9,785 4,254 BDO) | a2: Seer oi eee eee 


Identification uncertain. Probably should be ineluded with P. 
aurelia though there seemed to be some difference. Shows practically 
same characteristics of distribution as the former species. 


Paramoccium caudatum Ehrbg. 

Identification satisfactory. Although a few specimens of this 
type were found six times at Station I and once at Station III, it was 
probably not worth while to attempt separation. They are too few 
to signify much. 

Plewronema sp. ; ; ; 

Station I Station II Station III Daily Hourly 
AM OLAS OS Se cccnpen eek cterass cease aces 5,402 3,052 WG .2cccSeccescac eee ee 

Identification doubtful. Recorded thus as nearest possibility. 
Records indicate preference for sewage and cold water. 

Prorodon sp. : 

Station I Station II Station IIT Daily Hourly 
ANTONE GO) osteo e canst ee eeee scans 7,379 677 4,243 206 492 

Identification uncertain. Occurrence almost entirely confined to 
first three months and last three months of the year, thus indicating 
the favorable influence of cold weather. Larger numbers at Station 
I were probably due to sewage. 
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Stentor coeruleus Ehrbg. 


Station I Station II Station III Daily Hourly 
SNA a 8,141 23 se eee eee eee 492 


Identification usually satisfactory. Under conditions of counting 
probably some confusion with S. niger and perhaps another species. 
This was because distortion in preservation made it almost impossible 
to use any distinction except size in many eases, hence a small J. 
coeruleus might be mistaken for S. niger, or a large specimen of the 
latter might be mistaken for the former. Generally, however, the 
stouter body of S. coeruleus showed plainly enough to make it fairly 
certain. Occurrence was almost confined to first four months and 
December. Only two catches were recorded at Station II and three 
at Station III. Clearly a eold water form almost limited to sewage 
or at least to water with heavy organic content. Maximum oceurred 
in December at Station I, although the catches were fairly constant 
over a period of four months from the first of the year. The maxi- 
mum for this early period was in January. Since it is absent at 
periods of greatest stagnation, this planktont is evidently more influ- 
enced by temperature than by that factor. The most favorable tem- 
perature seems to be at about 10° C. since the maxima just mentioned 
come at about that condition. 

Stentor niger Ehrbg. 


Station I Station II Station IIT Daily Hourly 
ANY GIREIEES | ci eee eae 42,691 739 Bile eens 472 


Identification satisfactory. Probably some loss through net. Also 
considerable loss of this and the preeeding form through clinging to 
net, utensils, ete. This form was first recorded as S. roeselii on account 
of the nucleus, but the delicacy and grace of form together with 
smoky color seem so strongly characteristic that it has finally been 
referred to S. niger. The decision to make the change was mainly due 
to Professor Kofoid’s statement that nuclear characters are very 
unstable in this genus. They cannot be determined at least while 
counting. 

Occurrence at Station I runs later in spring and begins earlier in 
fall than that of S. coeruleus. The numbers are very noticeably 
greater in the fresh material while the animals are active. The Jan- 
uary and December maxima fall on the same dates as those of S. 
coeruleus but there are strong pulses in April and May by way of 
contrast. It seems safe to say then that botli species have about the 
same optimum but that S. niger is able to endure a slightly higher 
temperature (20° C.) and that it is less disturbed by flood conditions. 
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Tintinnidium fluviatile St. 
Station I Station II Station IIT Daily Hourly 
INSOREYERS, Seeceersmernemnerenee sere 17,333 3,359 8,642 7,341 323,479 


Identification uncertain. Loss through net probably heavy. For 
some reason (probably because intent on Difflugia) the writer entirely 
overlooked this form and that of Codonella until attention was forci- 
bly attracted by some living material in 1914. This was after the 
count had progressed almost through the first seven months of 1913, 
hence it was too late to rectify by recounting. It was also impossible 
at that late date to distinguish the three forms readily in preserved 
material. Undoubtedly some Codonella and a few Difflugia are in- 
cluded under the present head. It is also probable that Difflugia in- 
cludes some of both Tintinnidium and Codonella even after an attempt 
was made to differentiate them. Codonella was not successfully dis- 
tinguished at all. The count as it stands yields very imperfect results. 
It appears certain, however, that Tintinnidium does best in heavy 
sewage. Since the river shows least of this species it is also probable 
that quiet water is favorable. So far as the evidence goes, it seems 
that higher temperatures are best. 


Trichodina pediculus Ehrbg. 

Average at Station I, 631. 

Identification probable. Loss through net probably heavy. Oceur- 
rence at Station I almost entirely in first three and last three months. 
Reeorded only once at Stations II and III. Small numbers every- 
where. Surely a cold water form favored by sewage. Adventitious. 


Vorticella longifilum Ehrbg. 


Station I Station II Station III Daily Hourly 
IAVOY AG Coens eeceeneoee ease 13,991 2,588 3,612 43) 


Identification doubtful. Count ineludes all individuals with very 
long and slender stalks. None were ever found attached to anything. 
Loss through net probably very heavy. Occurrence at Station I 
mainly in last three months. Catches in small numbers and at widely 
separated and irregular intervals at other times and other stations. 
Evidently a cold water form doing best in sewage and quiet waters. 

Vorticella sp. 


Station T Station II Station IIT Daily Hourly 
CAWVET ACF Sire eeenee ne eee ee 623,067 274,328 300,528 1,153,087 1,797,514 


Identification uncertain. Probably includes several species of 
short stemmed Vorticella and some craspemonad flagellates attached 
to various objects. 
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Those taken to be most typical of this miscellaneous assemblage 
were found on the bodies and appendages of Entomostraca, especially 
Cyclops. Most of these were large enough to be fairly accurately 
counted. In view of the miscellaneous character of the forms in- 
eluded, it is undesirable to draw definite conclusions. There is, how- 
ever, a clear suggestion of preference for sewage and quiet water. 
Higher temperatures are also distinctly favorable for the assemblage 
and this is in marked contrast to nearly all the other ciliates. 

The following forms were recorded only once or twice or else 
were thought to be observed in fresh material. 

Aspidisea sp. 

Bursaria sp. Twice I, once, ITI. 
Carchesium sp. 

Climacostomum virens St. 
Condylostoma vorticella Ehrbg. 
Didinium balbianii Btschli. 
Enchelys sp. Twice, I, once, III. 
Epistylis sp. Twice, II. 
Frontonia sp. Twice, I, once, IIT. 
Gastrostyla sp. 

Glaucoma sp. Once, I. 
Lacrymaria sp. 

Loxophyllum sp. Twice, I. 
Mesodinium acarus St. 

Pyxidium cothurnoides Kent. 
Rhabdostyla brevipes Cl. & L. Once, I. 
Spirostomum sp. 

Trachelius ovum Ehrbg. Twice, I. 
Urocentrum turbo Ehrbg. 


Suctoria 
Station I Station II Station IIT Daily Hourly 
Number of forms recorded 3 3 3 av 1 
Number of indi- 
viduals per cubic meter 762 8,995 81039) eee 1,969 


Only three forms were recorded from this group and they oe- 
curred at all three stations but mainly in the last three or four months 
of the year. In no case were the numbers very large. While genera 
could not be identified with much confidence, it yet seemed clear that 
the forms recorded were Suctoria and that the generic designation 
was probable. Inasmuch as none of the three forms appeared to be 
a true planktont and the numbers were few, it seems hardly neces- 
sary to attempt detailed discussion. The most notable suggestion 
that can be made is that sewage seems unfavorable to all three forms. 
The following are the three forms recorded. See tables 1-5. 

Acineta sp. Podophrya sp. Sphaerophrya sp. 
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ROTIFERA 
Plates 3-6 and 15-17. 


Station I Station II Station III Daily Hourly 
Number of forms recorded. 55 43 39 30 34 
Individuals per cu. meter.. 4,842,320 883,510 1,302,609 5,443,643 5,681,372 


Eggs 31% Eggs 45% Eggs 34% Eggs 29% Eggs 34% 

These averages are made from records which include males, fe- 
males, eggs attached, a few records of free eggs, winter eggs, male 
eggs and parasitized individuals. Further distinctions were not ad- 
visable because of inability to carry them through the count with 
accuracy. 

Rotifera were found in every collection through the whole year at 
all stations. Only twice in the whole year did the numbers fall 
below 75,000 per cubie meter at Stations II and III, and at no time 
was a smaller number than 200,000 recorded at Station I. This makes 
a remarkably consistent showing, especially by way of contrast with 
Illinois conditions as found by Kofoid (1908). This consistency is 
even more striking than are the distinetly larger numbers found here 
at all stations. Both features are evidently due to the peculiar eli- 
matie conditions of this region. There is agreement with Illinois 
records in the fact that minimum production occurred in winter and 
the maximum in warmer weather, though mueh later there than at 
Station I. There is a difference in that the fluctuations were less 
extreme here, and that maxima occurred in November at Stations II 
and III. 

Recurrent pulses were fairly well marked at all stations though 
the intervals were quite variable. These pulses were not coincident 
with those of any other group. The maximum number of Rotifera 
did not correspond in time with the maximum mass production of 
plankton at any station nor did it agree with any other group. 

This group affords another illustration of a case in which a single 
genus exerts a remarkable influence on the whole group, the late 
maximum in November at Stations II and III being due to Keratella. 
Since, however, this same genus is largely responsible for throwing 
the Illinois maximum into May, perhaps those records and ours can 
be compared with some fairness. 

Catches of 1,000,000 or near that number were rare at tempera- 
tures below 15° C. About eighty-seven forms of Rotifera were listed. 

The names used have been checked as closely as possible to cor- 
respond with those indicated in Harring’s Synopsis of the Rotatoria. 
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Rhizota 

Station I Station II Station IIT Daily Hourly 
Number of forms recorded 2 3 3 te 3 
Individuals per cu. meter.. 1,509 37,181 SONS Oe een 16,145 


Practically all of the Rhizota found at any station were single 
individuals without tubes. Only two or three times were colonial 
forms recorded and then only part of the colony was present. These 
facts serve to emphasize the adventitious character of the Rhizota 
and to indicate that their presence in the plankton was due to broken 
anchorage. The large numbers at Stations IT and IIT as compared 
with Station I suggest a decidedly deterrent influence of sewage. 


DISCUSSION OF SPECIES 


Collotheca pelagica Rous. 


Station I StationII Station III Daily Hourly 
PAV OVS Glee ence es vane 1,325 21,747 1629) were 1,477 


Identification uncertain. May include two or three species, one 
of which is possibly C. mutabilis. The preserved condition does not 
permit of very accurate judgment and the animals were usually with- 
out tubes. So many of the tubes which were seen were of a slender 
type that it was thought that they indicated the species designated. 
This form was only recorded at Station I six times (in small num- 
bers), all in August, September and October with the largest number 
in October. Occurrence at Station Il was from August 15 to Novem- 
ber 22. Most of the catches were fairly large and there were only two 
failures to appear in that period. The largest number recorded was 
in August, due probably to some unusual disturbance of the water by 
barges or dredges. 

Attached eggs of this genus and almost entirely of this form were 
recorded with averages as follows: Station I, 185; Station II, 14,288; 
Station III, 15,332. Although certainly adventitious, the combined 
numbers of eggs and adults make this form of some importance in the 
local river plankton for a brief period. It is not adapted to life in 
sewage, however. 

The following forms were recorded only once or twice or were 
thought to be present in fresh material: 


Collotheca ornata Ehrbg. Once, I and III. 
Conochiloides dossuarius Hudson. 
Conochiloides natans Seligo. 

Conochilus hippocrepis Schrank. 

Conochilus unicornis Rous. Once, II and III. 
Cupelopagis vorax Leidy. Once, III. 

Ptygura brevis Rous. 
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Bdelloida 
Station I Station II Station III Daily Hourly 
Number of forms recorded 6 6 3 3 2 


Individuals per cu. meter. 349,312 47,105 56,806 120,831 295,414 

These large averages are perhaps unfair, inasmuch as they are 
largely influenced by the assemblage of unidentified forms which was 
assigned to the Bdelloida because it seemed almost certain that all but 
a very few belonged to that group. 

The only genus recorded is Rotaria and it is itself a heavy con- 
tributor to the plankton. Probably some other genera are included, 
especially in the unidentified list. The larger numbers at Station I 
indicate a distinet preference for sewage, a condition directly opposite 
to that of the Rhizota. The representation in February and March at 
Station I is much heavier than at any other time of year, the maxi- 
mum falling on Mareh 12. This is very largely due to the abundance 
of Rotaria rotatoria. The maxima at Stations II and III came in 
October and August respectively, due to the greater influence of the 
unidentified assemblage at those stations. It must be acknowledged 
that the data for this group do not lead to satisfactory conclusions. 
Some of the difficulty is due to the characteristics of the group and 
some to the difficulty of identification in preserved material. 


DISCUSSION OF SPECIES 


Rotaria neptuna Ehrbg. 


Station I Station II Station IIT Daily Hourly 
WAVCT AG Ch aac cepeect a eeneeesese ce 14,987 2,331 3,829 1,961 492 


Identification usually positive. Occurrence most constant in cooler 
months of the year at all stations. Much more abundant at Station 
I, thus showing preference for sewage. Not recorded in April, May 
and June at Station I and but rarely in July and September. Num- 
bers small in March, species well represented in other months. Maxi- 
mum number recorded twice, October 15 and November 5 at tempera- 
ture of 18.5° C., which is probably near the optimum. Small num- 
bers in early January were probably due to the temperature being 
below 10° C. Flood conditions may be responsible for absence in 
April, May and June while high temperature accounts for it in July. 
The reason for absence in September after being recorded in August 
is not clear. 

While definite pulses were present, there is not much regularity of 
appearance. 
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At Station II this form was recorded in every month except Feb- 
ruary, April, May and June though the numbers were rather small 
throughout and the catches mostly at irregular intervals. The maxi- 
mum occurred in October at a temperature of 20° ©. and again at 
17° C. Conditions were much the same at Station III except that 
April, June and July were the only months without catches. This 
again supports the conclusion that flood and higher temperatures are 
both deterrent factors. The maximum came in October. 

While the habits of this organism would lead one to.think of it as 
really adventitious in the plankton, the large numbers here raise a 
definite question as to the validity of that view. Can it be that this 
animal has adopted a free swimming habit under our local conditions? 
Or are the general conditions so favorable for development that favor- 
ite haunts become rapidly overerowded thus foreing individuals tem- 
porarily into the plankton while seeking other quarters? 


Rotaria rotatoria Pallas. 


Station I Station II Station III Daily Hourly 
BABY OTD Oi otnsecssecestxtextontenesctece 287,186 19,099 18,283 54,197 8,500 


Identification uncertain. Probably includes two or three other 
species and possibly other genera. So far as estimated from living 
material the above named species was more numerous; the others could 
not be distinguished from it while counting. Occurrence in every 
month of the year at all stations, though rather light in April, May 
and first half of June at each, and continuing so through June and 
July at Stations II and III. The maximum came in March at all 
three stations. The fairly rapid decline after the March maximum 
was apparently due to the incoming mountain flood waters. There was 
a marked pulse in July at the disappearance of these flood waters. 
Higher temperatures undoubtedly kept the numbers down, however, 
and none of the pulses of the last half year reached the numbers com- 
mon in the first quarter year. This, of course, is also some indica- 
tion that the comparative stagnation of the last half year was less 
favorable than the disturbed hydrographic conditions of the first 
three months when there was enough rainfall to cause considerable 
local variation. Comparison with the 1914 condition when there was 
heavier rainfall may help to settle some of these questions. The num- 
bers clearly show that this form does best in sewage. There can be 
no question that it prefers temperatures below 20° C. and the indica. 
tions are that it does best in waters slightly disturbed, as by local 
rains, but this cannot be settled now. 

No other forms of Bdelloida were recorded. 
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Ploima 
Station, I Station II Station IIT Daily Hourly 
Number of forms recorded 47 34 33 27 29 


Individuals per cu. meter... 4,491,499 799,224 1,215,618 5,322,812 5,439,813 

Ploima were invariably present at all stations throughout the 
year. The averages given above include the eggs, of which there were 
about 80 per cent at Station I and Station III and over 40 per cent 
at Station II. While the numbers were always rather large they were 
especially so in temperatures above 15° C., the maximum at Station 
I occurring in June at a temperature of 22.5° C., in November at Sta- 
tion II at 19.5° C., in November at Station IIT at 17° C. A marked 
preference for sewage is proved by the exceedingly large numbers at 
Station I, median numbers at Station III and smallest numbers at 
Station II. The large numbers in late summer and throughout the 
autumn at all stations also indicate a favorable effect of stagnation. 

The fact that all the Ploima show strikingly uniform character- 
istics of seasonal distribution, noted by Kofoid (1908) in Illinois is 
strongly in evidence here, especially amongst the forms occurring 
throughout the year. Plates 3, 4 and 5 give a graphie representation 
of the occurrence of the group as a whole (including eggs) accom- 
panied by a similar graph for the chlorophyll bearers. This does not 
indicate any prominent relationship of the two groups. The follow- 
ing text table gives the more prominent pulses of Ploima at Station 
I (exclusive of eggs). Omission or inclusion of eggs does not affect 
the location of the pulses, henee eggs are not segregated from other 
records in totals at Stations II and III. 


Text TABLE 2. Srarion I 


Date No. Date No. Date No. 
dich, iy 258,268 Jame Opes 567,996 Bebe ens 1,985,200 
Feb. 23 ...... 2,692,848 Mar. 12 .... 9,577,280 few ORG (DS oes 5,398,400 
Apr. 19 ...... 6,526,912 May 11 ...... 9,936,352 Sub) 8} sa 4,359,872 
June 25 .... 13,717,568 July 12 .... 5,979,752 July 26 ...... 4,649,952 
Aug. 20 ... 5,287,904 Sept. 13 ... 5,353,600 Oct Sine 7,105,568 
Nowe) W9P=-- 802,848 Dee. 14 .... 723,508 


It may be seen that of the seventeen pulses noted in this table 
eight preceded chlorophyll and algal pulses by from three to twelve 
days, usually three or four days. Coincidence occurred twice, and 
there were two cases in which ploiman pulses followed the others by a 
few days. In the other five cases no definite relation appeared. It 
therefore seems that there is no such clearness of relationship of 
pulses of Ploima and of chlorophyll bearers as was noted in Illinois 
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(Kofoid 1908). Inasmuch, however, as ten out of seventeen pulses 
came near to those of chlorophyll bearers it may be fair to assume 
that the two groups are in some way interdependent or that the gen- 
eral conditions favoring one likewise favor the other. The relation- 
ships at the other two stations were still less definite and it was not 
considered worthwhile to transcribe the tables of pulses of Ploina 
there. 

Our records are at variance with the Illinois records in showing 
more pulses of Ploima to precede pulses of chlorophyll bearers than 
to follow. The discrepancy is probably due to the errors incident to 
escape of chlorophyll organisms through the net. But it might be 
due to a difference in the numerically dominant forms in the two re- 
gions or to some similar factor. The problem of difference cannot be 
solved, apparently, from the 1913 records, but after all there is suf- 
ficient likeness to warrant the conclusion that the two groups are 
closely inter-related, here as there. The daily record was too short 
to help in a decision on this matter. 


DISCUSSION OF SPECIES 


Anuracopsis fissa Gosse. 


Station I Station II Station III Daily Hourly 
PAV OTD OM one ceuss once deteeee 10,251 8,411 18,507 2,477 40,066 
Average eggs attached... 1,786 30 Os OOH apenceneeerennss 985 


Identification frequently satisfactory, more often uncertain. Prob- 
ably some loss through net. Not recorded anywhere during first half 
year. Appeared at Stations I and II about mid-July, at Station III 
in August. Maximum at Station I in November, at Station II in 
August and at Station III in September. Occurrence frequent at 
Stations I and III in August, September, October and November, dis- 
appearing in December. Occurrence at Station II rare except in 
August. Apparently a form favored by warm and quiet water. Larger 
numbers at Station III suggest a preference for moderate quantities 
of organic matter in surrounding water. 

All stations resemble Illinois in showing a distinct limitation of 
this form to a four months period after midsummer. It was recorded 
in June there and disappeared in early November. A single Decem- 
ber record here at Station II indicates the possibility of occurrence 
in very small numbers at other times. The pulses came mainly at 
temperatures above 20° C., the single exception on November 22 pos- 
sibly being due to confusion in counting. 


92 University of California Publications in Zoology (VoL. 22 


Anuracopsis sp. , : d : 
Station I Station II Station III Daily Hourly 

HAV OR AGG. Vance seeneees Sesna settee 8,230 308 ‘AY OIG) eee sree cee ae 26,867 
Identification doubtful. Record probably includes two or three 
small forms with indistinct characteristics in the preserved condition. 
Referred to this genus as the nearest probability. May include dis- 
torted specimens of A. fissa. Since the only records of this form are 
in June and July at the three stations, it may be that the whole num- 


ber should be transferred to A. fissa. 


Asplanchna brightwelli Gosse. 


Station I Station II Station IIT Daily Hourly 
YAY OF AU OM, he seco eee tscecs 16,892 308 533 43,192 2,954 


Species determination uncertain. Genus certain. Record prob- 
ably includes at least two or three species under this heading, species 
segregation being too difficult during the count. Eggs not counted. 

Occurrence at Station I regular from mid-March to November I. 
Maximum, 158,688, on July 5 but almost equalled in April and Octo- 
ber. Recorded only three times at Station II in April, June and 
July in small numbers. Recorded five times at Station III from 
March to November in small numbers and at wide intervals. Dis- 
tinetly favored by sewage and by temperatures near 20° C. 

The record at Station I shows ten fairly distinct pulses, seven of 
which followed pulses of chlorophyll bearing organisms by from three 
to seven days, two of which coincided with such pulses, while one 
preceded. The correlation of these pulses is far the most impressive 
of any yet observed. The following table, text table 3, shows tem- 
peratures and pulses: 


Text TABLE 3 


April Oh testes 18 132,240 April 26 20 41,600 
May 11 2 oi 44,800 May 27 .. = oR 51,200 
June 7 .. . 25 44,800 July 5 .... 26 158,688 
IAC te) Sect sesee 26 44,800 JNnee. Alyy S = 2d.) 76,800 
Septuls & ees 25 51,200 Oc) 19 105,792 


Asplanchnopus sp. 
Identification doubtful. Recorded three times each at Stations I 
and II and six times in hourly series at Station III. Not important. 


Brachionus. 

Identification of the females of this genus was nearly always satis- 
factory as to genus but the separation of species was frequently dif- 
fieult and sometimes impossible. Males were never positively recog- 
nized, hence species records were of females only. Eggs were easily 
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identified when attached but the confusion was great when unat- 
tached. Probably eggs of other genera were often included amongst 
the free eggs. Eggs of species were not recorded. 

Only seven species and one variety were recorded, although there 
were probably many more. The reference of many individuals to 
some of these species was somewhat arbitrary, but on the whole the 
eight groups were fairly definite in the writer’s mind and may be 
properly discussed despite some technical error in identifying. 

Since the eggs were only recorded for the genus as a whole their 
averages and the main features of their occurrence may be stated 
now. 


Text TABLE 4 


Station I Station II Station IIT Daily Hourly 
Av. female eggs attached 255,960 16,390 28,607 409,180 132,240 
Ay. male eggs attached... 26,190 2,773 4,443 : 22,806 
Av. female eggs free.......... 351,039 14,780 41,963 396,720 
Av. male eggs free.............. BIT see DUS Caceres a grerkerrecesaneee 


In view of the uncertainty of identification of unattached Brach- 
ionus eggs either male or female, it is hardly worth while to attempt 
any detailed discussion of the records for these kinds. The maximum 
for both kinds of attached eggs came early in March at Station I. 
Occurrence of attached male eggs was seattered after March, though 
the female eggs were almost constantly present through the year. 
They almost reached the March maximum twice in September. At 
Station II there were only three records of male eggs, two coming in 
March. Occurrence of female eggs was fairly constant from June to 
October inclusive, infrequent at other times, the maximum coming 
in October. At Station III male eggs were recorded seven times, the 
maximum in March. The female eggs occurred rather regularly from 
February to October inclusive, excepting April, when there were 
none. The maximum came on October 4. About the only safe con- 
clusion to be drawn from these inadequate records is that male eggs 
are most numerous in early springtime at all stations. It is, of course, 
unfortunate that the attached eggs were not segregated with the 
proper species, but the desirability of segregation was not realized 
until too late in the count. 


Brachionus angularis Gosse. 


Station I Station II Station IIT Daily Hourly 
INST@TEYRD, caer 78,367 3,417 4,675 14,579 8,630 


Identification usually satisfactory. Occurrence far most conspicn- 
ous in May and June at Station I, with maximum in mid-May. Miss- 
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ing in January, February, and December, rare in March, April, July, 
August and October. Occurrence at Station II from April to Novem- 
ber inclusive, but scattered and in small numbers with a maximum 
in September. Limited to same period at Station III but regularly 
recorded during most of May and June with maximum in May, 
favored by sewage and by a temperature near 20° C. Stagnation 
seems to be detrimental. 

The periods of regular occurrence were too short to give very well 
marked evidence of recurrent pulses. 


Brachionus angularis caudatus B. and Da. 


Station I Station II Station III Daily Hourly 
VAN. OT EL Ok eet ae pacne ne seeetentes 323,532 65,243 70,480 830,657 1,284,905 


Identification usually satisfactory. Sometimes hard to distinguish 
from type form of B. angularis. The separate record of this variety 
seems to have been worth while because of the tremendous emphasis 
which it gives to the continuity in occurrence of the two forms. The 
variety was almost wholly absent from the collections until the type 
form had passed the sprmg maximum. As the latter declined the 
former increased until it entirely displaced the other. This was strik- 
ingly true at all three stations. The variety also disappeared by No- 
vember at all stations, at which time the type came in in small num- 
bers for a few weeks. At Station I the maximum came on June 25 
but was almost equalled in September. At both of the other stations 
the maxima came in August. 

Recurrent pulses were very marked in the records for this form 
as shown by the following table: 


Text TABLE 5 


Station I Station IT Station III 
June 7 
June 25 
July 12 July 12 July 12 
July 26 
Aug. 20 Aug. 15 Aug. 2 
Sept. 9 Sept. 20 Aug. 31 
Sept. 27 

Oct. 11 Oct. 18 


Comparison with the table of ploiman pulses at Station I shows 
that four of the B. cauwdatus pulses correspond exactly while two oth- 
ers are very close. It is thus evident that the relationship of occur- 
rence of this organism to that of the chlorophyll bearers is about as 
intimate as that of the whole ploiman group. 
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The larger numbers at Station I indicate favorable influence of 
sewage and the distinct limitation to temperatures above 20° C. and 
mark B. caudatus as a summer form. The maxima in late summer 
may also indicate stagnation as a favorable factor. Kofoid’s refer- 
ence (1908) to the contention of various observers that spinous pro- 
cesses, etc., appear as adaptive responses to lessened buoyancy of 
warmer waters is especially interesting in this connection. The con- 
dition of our records more strongly supports that view than do the 
Illinois records. In fact the evidence could hardly be stronger with- 
out deliberate manipulation. 


Brachionus budapestinensis D. 
Station I Station II Station III Daily Hourly 
BANSY, CE AG Geena ce aescorastemcseocencsenn= 970 7,564 2,322 413 9,615 


Identification doubtful. Recorded six times at Station I, thir- 
teen times at Station II and seven times at Station III. Occurrence 
at all stations rather scattered and mainly from July to October. 
Maximum at Station II in August. Apparently hindered by sewage 
but favored by warmth and stagnation. Not a very important form 
here, though the average at Station I is somewhat higher than it was 
in Illinois. 


Brachionus calyciflorus Pallas. . (B. pala Ehrbg.) 
Station I Station II Station IIT Daily Hourly 
Average 109,718 10,828 32,378 516 175,708 


Identification satisfactory. No attempt to distinguish varieties in 
final records. The above count consists entirely of females exclusive 


of eggs. The most striking features in the record of the occurrence of 
this form are its great abundance in the first four or five months of 
the year at all stations, its abrupt disappearance at the close of this 
period and its reappearance in considerable numbers in and after 
August. The three stations vary considerably in these last two 
points, the break in the record in May being much more abrupt at 
Station I than at either of the others. Station I also shows only a few 
very light catches in the fall while Station IIT reaches the maximum 
for the year at that time. Station II has the maximum in February 
but shows records of considerable numbers through September and 
October. Station I has the maximum in March. The reasonable in- 
ference seems to be that much sewage is favorable to this species in 
flood water but that it is detrimental in stagnation. Also that tem- 
peratures above 20° C. are rather unfavorable. 
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The numbers here were much larger than those noted in Illinois 
and the vernal maxima came about a month earlier. Otherwise there 
is rather close similarity in the records. Recurrent pulses are not 
distinct, however, at any of our stations here. 


Brachionus capsuliflorus Pallas. (B. bakeri Ehrbg.) 
Station I Station II Station IIT Daily Hourly 
PANNA BVERE) cent teenie eeooenceoeoranene 1,954 14,418 9,582 1,445 40,468 


Identification probable. Occurrence at Station I scattered, in 
small numbers, from May to December, with a small maximum in 
October. Occurrence at Station II almost limited to August and Sep- 
tember, with a maximum in September. At Station III somewhat sim- 
ilar, except for a slightly larger number of earlier records of small 
numbers. 

The likeness to Illinois conditions is very marked, especially at 
Station II. Our records indicate that sewage is detrimental while 
stagnation and rather high temperature (near 24° C.) are beneficial. 
It seems rather strange that though the river showed the largest num- 
bers, the limits of their occurrence were much more sharply defined 
than at the other stations; only four small eatehes bemg found out- 
side of the eleven weeks period from August 2 to October 11, as against 
twice that number elsewhere. No males were recognized. 


Brachionus patulus Mill. (B. militaris Ehrbg.) 
Station I Station II Station ITT Daily Hourly 
PXNEMENCG) aeeeeenen een crecreeee Peer 120 4,804 1,631 310 10,469 


Identification certain. Recorded only once at Station I in July 
(6,400). Occurrence at Stations II and III limited to July and 
August and September, except for one catch on December 6 at Station 
II. Maximum on September 6 at both places. Evidently a summer 
form favored by stagnation but intolerant of sewage. No data are 
at hand bearing upon Kofoid’s suggestion (1908) that this species 
probably thrives in warm, shallow water rich in organic matter. Its 
absence from sewage does not prove that it would be injured by 
decaying vegetation, ete. 


Brachionus plicatilis Mill. (B. miilleri Ehrbg.) 
Station I Station II Station IIT Daily Hourly 
TASHOIOS) eepencteneseereeneconebeesccee 9,179 977 965 43) Sees 


Identification usually satisfactory. Occurrence at Station I mainly 
in first three months, thereafter in small numbers at variable but 
usually wide intervals through the year. Maximum (132,240) twice, 
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February 12 and March 5. Numbers always small at other stations, 
otherwise distributed about the same. Hence this form may be said 
to be definitely limited to temperatures below 20° C. Sewage appears 
to be favorable. 

This species is not listed by Kofoid for Illinois. Mr. H. K. Harring 
designates it particularly as a brackish water form. It is also so 
listed in Stisswasserfauna Deutschlands. However, its presence here 
is not so prominent as is that of the brackish water diatom, Bacillaria 
paradoxa. Some other factor than salinity must determine the occur- 
rence of such forms. 


Brachionus urceus W. 


Station I Station II Station III Daily Hourly 
Average Stree bein 139,352 8,558 2,871 352,237 36,606 


Identification usually satisfactory. Some confusion with other 
forms at times. Recorded in every month of the year at Station I. 
Missing in Mareh and November at Station II, in April, November 
and December at Station III. There was a well developed pulse in 
February at Station I but there were only four catches from March 
I to May 14 when a long period of regular appearance in considerable 
numbers began, which finally ended on October 29. Numbers were 
then small and absences frequent to the end of the year. Maximum 
(899,232) reached twice in June. Records scattering at Station IT 
except in June, July and August. Maximum (105,792) on August 2. 
Conditions similar at Station ITI with smaller numbers. Maximum 
September 20, 38,400. This form shows a clear preference for sew- 
age and for temperatures above 20° C., but stagnation is apparently 
detrimental. Recurrent pulses are fairly distinct at Station I as 
follows: 


Feb. 8 July 26 Sept. 27 
June 3 Aug. 9 Oct. 15 
June 21 Aug. 23 Oct. 29 
July 12 Sept. 9 Noy. 15 


Of the twelve dates just mentioned, eleven can be connected defi- 
nitely with pulses of chlorophyll bearers, four preceding by from 
four to eleven days, four following by three or four days and three 
exactly coinciding. 


Brachionus with endoparasites. Average at Station I, 5,363. 

Different species of Brachionus were found infested with parasites 
but no specific count was made. These parasites were rather small 
and their relationships were not determined. In almost all cases they 
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occupied at least half of the space inside the lorica of the host. None 
were noticed at Stations II and III so it is probable that sewage is 
favorable to the parasites in some way. They were recorded five 
times at Station I, one in June, thrice in August and once in Novem- 
ber. 


Diurella egg, free. 
Station I StationII Station III Daily Hourly 
PANY TED. Chg eee teeta eetaceeneeeeon eres 4,161 146,079 108,270 4,445 122,068 


Identification very doubtful. Small eggs attached to filaments of 
Melosira granulata were counted under this heading. They were only 
recorded eight times at Station I but they were quite prominent at 
the other stations, at Station II from June to October inclusive, at 
Station III from May to October inclusive. Inasmuch as no consid- 
erable number of Diurella females were ever found, it is probable 
that these eggs were wrongly designated, but nothing is known as 
to the real identity. 


Epiphanes clavulata Ehrbg. (Notommata.) 
Station I Station II Station III Daily Hourly 
JAVED AG Cle cone eee eeessee eacetcesadee 1,263 6,400 NOi423" (rahe, ees 


Identification uncertain. Recorded five times at Station I, nine 
times at Station II and seven times at Station III in August, Septem- 
ber and October. Hence it is to be regarded as definitely limited to 
stagnating waters and temperatures above 20° C. Sewage unfavor- 
able. Attached female eggs were also recorded for this form at 
Stations II and ITI. 


Filinia brachiata Rous. (Triarthra.) 
Station I Station II Station III Daily Hourly 
GAY CTL0' © pereersea serene oes 2,943 123 62 2063.2 eee 


Identification certain. Recorded eleven times at Station I and 
once at each of the other stations. Occurrence at Station I usually 
in small numbers at rather wide intervals. Catches grouped in May 
and November. Maximum in November. This species was not re- 
ported as present in Illinois. 


Filinia eggs, attached. 


Station I Station II Station III Daily Hourly 


Female, average ...............- 79,131 554 1,004 U2 SGG eerste 
IMialentaivieragy een cere: 24,818 431 O51 Mts Seas hee 


Identification certain. Attached female egg appeared in every 
catch at Station I from February 12 to April 26, then frequently to 
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July 19, being absent the rest of the year except for two small catches 
in November. Maximum (1,481,088) in March. Recorded only five 
times at other stations, mainly in March. 

Male eggs were recorded continuously at Station I for a short 
time in February and March and there were occasional catches to 
June 28. They were recorded once at Station II and twice at Station 
III in small numbers. Both kinds were first recorded at Station I 
on February 2. 

The maximum egg records of both kinds at Station I preceded the 
maximum record for females of Filinia longiseta by three days and 
the maximum for female eggs was almost reached again four days 
after it. 

Unattached Filinia eggs were not certainly identified though 
recorded. 


Filinia longiseta Ehrbe. 


Station I Station II Station III Daily Hourly 
Average oan eeSet OCC LeS eee EPS 361,166 14,486 12,192 - 99,012 4,561 


Identification positive. About twice as abundant at Stations IT 
and III as ever noted by Kofoid in Illinois and about fifty times as 
many at Station I. Seasonal limitation earlier and more definite here 
at all stations. Occurrence at Station I regular from January 5 to 
July 19, missing thereafter except for two small catches in Decem- 
ber. Maximum on March 8, 6,083,040. Catches of more than 1,000,- 
000 taken seven times in February and March, three in May and one 
each in June and July. An extremely important planktont at this 
station. At Station II one small catch was made in January but the 
regular occurrence began February 23, extending to April 13. Sey- 
eral more catches to July 12, then none till late October, followed by 
another in December. Maximum on March 8. At Station III one 
small catch came in January, then the regular occurrence began on 
February 8, extending with one lapse to July 12. Only two catches 
thereafter, one in July and one in October. Maximum on June 28. 

There were rather distinct recurrent pulses at Station I culminat- 
ing as follows: 


Jan. 15 Feb. 23 May 7 

Jan. 29. Mar. 8 June 3 

Feb. 12 Apr. 13 July 5 
Apr. 26 


Contrary to Illinois conditions the principal occurrence of this 
form was below a temperature of 20° C. instead of above, and from 
March to July instead of from May to October, so far as Station I is 
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concerned. In view of the enormous numbers at Station I it may be 
safe to conclude that the food factor is more potent than temperature 
and that the smaller Illinois numbers at lower temperatures were only 
indirectly due to that condition. With abundant food in the sewage 
the lower temperatures seem quite favorable here. This form may 
then be regarded as very dependent upon sewage. The higher tem- 
peratures and stagnating waters seem to be deterrent. 


Keratella cochlearis Gosse. (Anuraea.) 
Station I Station II Station IIT Daily Hourly 
(Avernwen cnet meee er 78,769 281,504 354,304 164,517 6,530 


Identification usually certain. No attempt to distinguish varieties. 
Some confusion probably of spineless varieties with spineless varieties 
of K. quadrata or other species. The numbers were greater at all 
stations than recorded for Illinois, but the records resemble Illinois 
records in the fact that the organism was found at some station in 
every month of the year. Also in the fact that there was a period of 
regular occurrence in the first seven months of the year, separated by 
a period of irregular occurrence or absence from a period of regular 
occurrence in the last three months. The location of the maximum is 
distinetly different from the Illinois condition at all stations. The 
maximum there was early in May, while our records show a maximum 
at Station I in July and at Stations II and III on November 1, the 
last two being in remarkably large numbers. The inference from 
our records is that sewage is detrimental in large amounts, that stag- 
nation is even more so, and that temperature in moderate limits is 
less important directly than are other factors. The optimum tem- 
perature seems to be slightly below 20° C. The presence of largest 
numbers at Station III indicates the probability that a larger amount 
of organic matter than that in the river may be favorable. 

Recurrent pulses are distinguishable at all stations, about half of 
those at Station I corresponding closely with those of chlorophyll 
bearers. 


Station I Station II Station III 
Feb. 12 June 18 Mar. 23 Mar. 23 
Mar. 5 June 28 Apr. 19 Apr. 19 
Mar. 19 July 5 July 12 May 31 
Apr. 2 Oct. 26 Nov. 1 July 12 
Apr. 23 Nov. 12 Nov. 1 
May 7 


This was numerically the most important planktont at Stations IT 
and III. 
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Keratella quadrata Mill. (Anuraea aculeata.) 


Station I Station II Station III Daily Hourly 
LENS ASTEEN ER EY ee 1,276,350 42,919 57,432 1,467,437 219,396 


Identification usually certain. Contrary to Illinois records this 
was numerically our most important rotifer, all stations considered. 
It was one of the most important planktonts. Furthermore our rec- 
ords show it to be a distinctly perennial planktont here, since consid- 
erable numbers were found at all stations in every month of the year. 
At Station I there was only one lapse in the record. The increase was 
unusually uniform from January 5 to the maximum on June 28, fol- 
lowed by a similar decrease to December 31. At Station II the oecur- 
rence resembled that of A. cochlearlis in that there was a decrease in 
numbers with a few absences in the summer months, thus making the 
records for spring and autumn more prominent. The maximum came 
on October 18 not far from the K. cochlearis maximum. At Station 
III the records for the summer were not materially different from 
those for spring and fall except that the maximum came on October 
11 in a much larger pulse than at other times. 

Not only do our records fail to correspond with those of Illinois, 
they also fail to agree at our three stations. Consider, for example, 
the maximum in relation to temperature. Station I shows a maximum 
in a strongly developed pulse at a temperature of 23° C., Stations IT 
and III at 17° C. Station I has its largest numbers in summer, Sta- 
tion II its smallest and Station III much the same as in other seasons. 
In spite of these differences some definite conclusions are possible. 
The vastly larger numbers at Station I at all seasons indi- 
cate not only a beneficial effect of sewage but the importance of the 
food factor. The smaller numbers at all stations in January and 
December show that temperatures may get low enough to be injurious, 
though it is not clear that this may not be due to reduced food supply 
incident to low temperature. In fact, when one considers that the 
numbers appearing at Station I at 7° C. or 9° C. were as large as 
those found in the culminations of ordinary pulses at the other sta- 
tions in any season, it seems that the range of temperatures in ordi- 
nary fresh waters has little direct bearing on production. The un- 
usually strong pulses in October at Stations II and III indicate a 
beneficial effect due to relief from Stagnation by the incoming 
autumnal freshet waters from the mountains. 
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Recurrent pulses are quite prominent in the records for this form, 
with culminations as follows: 


Station I Station II Station III 
Jan. 15 June 28 Feb. 8 Feb. 8 
Jan. 29 July 12 Mar. 29 Mar. 23 
Feb. 12 July 26 Apr. 19 Apr. 5 
Feb. 23 Aug. 23 May 3 May 17 
Mar. 8 Sept. 13 July 19 June 28 
Apr. 5 Oct. 8 Aug. 3 July 26 
Apr. 19 Dee. 3 Oct. 18 Oct. 11 
May 11 Dec. 14 Noy. 30 Dec. 14 
June 3 Dee. 31 


Keratella eggs, attached. 


Station I Station II Station III Daily Hourly 
PSN (GUENEGY mepecncececnceonoemieecensece 263,312 54,732 96,442 140,815 12,669 


Identification certain. No male eggs were recorded and no effort 
was made to keep the species record separate for eggs. The desira- 
bility of such separation was overlooked until too late; hence, as 
might be expected, the egg record shows the same characteristics as 
the dominant species, i.e., K. quadrata at Station I, and K. cochlearis 
at the other two stations. 


Keratella egg, free. 


Station I Station II Station IIT Daily Hourly 
INS GGTEMERES einest pees neneeetcneseeneeee 363,933 57,631 100,216 128,490 602,201 


Identification quite uncertain. The designation was probably ecor- 
rect in a large majority of the counts but there is enough uncertainty 
to invalidate definite conclusions, so they are not offered. 


Lecane luna Mull. (Cathypna.) 


Station I Station II Station III Daily Hourly 
PNSICHENUG) Sestntaccemmtenerter searensere 10 677 Doi, cesses seers ee 


Identification uncertain. Recorded only four times at Stations I 
and II in small numbers, and onee at Station III. Probably adven- 
titious. At any rate unimportant. 


Notholca striata Mull. 
Station I StationII Station III Daily Hourly 
I NSTEEE) ceeoeteccote nee nerceeeescee tee 165 1,692 847 


Identification satisfactory. Count imeluded a small number of 
different forms most of which were considered varieties with perhaps 
one or two other species. Only six catches at Station I at rather wide 
intervals, in very small numbers and mostly in the first three months. 
Occurrence at Station II in every month except December, seven 
catches in first three months, one catch in each month thereafter up 
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to December. Numbers always small. Maximum, 16,000, April 5. 
Recorded nine times at Station III, seven times from January 23 to 
April 19 and twice in November. Numbers always small but con- 
siderably larger in November than at other times. It is clear from 
these records that this form is intolerant of sewage and of summer 
conditions, probably including temperatures, though the monthly 
occurrence at Station Il may indicate the influence of a food factor. 
At any rate the optimum temperature seems to be below 15° C. The 
seasonal distribution at our Station III most nearly resembles that 
noted for Illinois. 


Polyarthra trigla Ehrbg. (P. platyptera.) 


Station I Station IL Station IIT Daily Hourly 
JANIOTENERG), ocr reece eee eee 410,770 35,241 58,037 662,712 1,267,469 


Identification certain. Recorded in every month at all stations. 
Oceurrence at Station I very constant after January 12, only two 
absences, both in November. Maximum on May 7, culminating a grad- 
ual increase from first appearance, numbers well sustained after that 
except for a drop in June, another in November and the final decline 
in December. Continuous record at Station IT except for two misses 
in June, one in August, one in October and three in November. Maxi- 
mum on September 6 in a well defined pulse. Record at Station IIT 
began on January 19, after which there was one miss in March, one 
in June, one in October and three in November. Maximum on Sep- 
tember 20 in a minor pulse. The character of the record at Station I 
suggests the idea that temperatures may vary widely without appre- 
ciable influence except as they approach the lower recorded limits. 
Even here the influence may be through the food supply instead of 
direct. Stagnation appears to be shghtly favorable. This is next to 
the most important species numerically, of rotifers at Station I. 

Recurrent pulses are prominent at all stations as follows: 


Station I Station II Station III 
wane 1h July 30 Feb. 8 Feb. 8 
Jan, 29 Aug. 9 March 8 Apr. 26 
Feb. 8 Aug. 20 March 29 May 31 
Feb. 23 Sept. 13 May 10 July 12 
Mar. 8 Oct. 18 May 24 Aug. 2 
Apr. 1 Nov. 1 June 28 Aug. 31 
Apr. 26 Nov. 19 Sept. 6 Sept. 20 
May 7 Nov. 30 Oct. 18 Oct. 18 
June 3 Dee. 14 Dec. 14 Dec. 6 
June 25 Dee. 31 
July 12 


These pulses at Station I are even more distinctly marked than 
in Illinois, which of course might be expected from the very large 
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numbers distributed over the entire year. The correspondence of these 
pulses with those of chlorophyll bearers is quite close, thirteen being 
within seven days of the same date. 


Polyarthra trigla eggs, attached. 


Station I Station II Station III Daily Hourly 
Female, average Bisoulil 431 408 723 40,686 
Male average 342 OMY)! ceeceseeececacs) /eepettiacsteace 8,138 


Identification certain. Probably most eggs became detached in 
manipulations and the records are to that extent unreliable. Certainly 
there are some very curious features to the records as they stand. 
Female eggs only were recorded at Station III in the regular series 
and then in small numbers at wide intervals, but the hourly series 
from the same canal, but a mile away, showed great numbers of both 
sexes. At Station II the numbers of female eggs were also scant but 
in the two catches of male eggs one was rather large. At Station I, 
female eggs appeared irregularly in small numbers from the last of 
February to the end of March, after which the occurrences were reg- 
ular and in rather large numbers till May 11 when they abruptly 
failed. Only a very few catches were found in the interval to mid- 
November when the occurrence became regular again for several weeks. 
The records of male eggs came in November. 

Such records are quite unsatisfactory as it is evident that they do 
not show the real numbers of eggs produced, in view of the large num- 
bers of females recorded at all periods at all stations. Quite prob- 
ably many of the free eggs counted as Keratella and Filinia eggs 
should have been referred to Polyarthra. This was suspected early 
in the count and the eggs were frequently examined for distinetive 
characters in the groups but none were found that could be used accu- 
rately while counting. 

Rotifer eggs, winter, free, unidentified. 

These were counted merely as a matter of routine in trying to give 
attention to everything found. There is not enough certainty in any 
observation concerning them to make comment desirable. 


Synchaeta sp. 


Station I Station II Station III Daily Hourly 
INNADNR oeccezececeereseceresessorecc ee 76,696 35,039 83,865 19,850 25,890 


Identification of genus satisfactory. Judging from living ma- 
terial, three or more species were represented in the counts but they 


1920] Allen: Plankton of the San Joaquin River 105 


could not be accurately distinguished in preserved material. S. trem- 
ula,, S. stylata and S. pectinata were probably most often present. Al- 
though the assemblage was recorded at Station I in every month of 
the year, the catches were few and small during the first three months 
and in July, August, September and October. The maximum occurred 
on June 25 in a strongly developed pulse. The occurrence at Station 
II was somewhat similar except that there were no large numbers till 
July when there was a fairly strong pulse. The maximum came, how- 
ever, in the larger November pulse. At Station III the numbers were 
more evenly distributed from March to December, August being the 
only later month with very small numbers. The November pulse was 
largest on the whole but the maximum came on May 31 in a eateh 
following a lapse and preceding two lapses. Such irregular records, 
in addition to the difficult identification make it necessary to be eau- 
tious as to conclusions. Still it seems clear that sewage is beneficial 
and that stagnation with high temperature is harmful. 


Trichocerca capucina W. & C. (Rattulus capucinus.) 
Station I Station II Station III Daily Hourly 
PAGVI OT OO) ote see ca eevassnssteasctvwcactecs 246 4,777 1,004 413 9,123 
Identification uncertain. Genus probably correct in all cases. 
Recorded only four times at Station I in small numbers and at wide 
intervals; seven times at Station II, once in fairly large numbers; 
eight times at Station ITI, all in small numbers. Unimportant numeri- 


cally in our plankton. Probably adventitious. 


Trichocerca iernis Gosse. (Rattulus gracilis.) 
Station I Station II Station IIT Daily Hourly 


Average 13,097 21,577 46,414 88,913 285,187 


Identification uncertain. May include other species. Not recorded 
at Station I till May 27 and not appearing regularly till July 3. 
Fairly constant through July and August and for a time in Septem- 
ber, and October. Maximum in July. Occurrence at Station II 
almost limited to July, August and September with maximum in Sep- 
tember. Conditions similar at Station III with a slightly longer 
period of regular occurrence. Maximum in September. Evidently 
favored by higher temperatures and quiet waters. Larger numbers 
at Station III than in river suggest that more organic matter in the 
water is helpful, though the organism does not do so well in the dilute 
sewage of Station I. 
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The following Ploima were only recorded once or twice, or were 
only recognized in living material. 
Ascomorpha ecaudis Perty. 
Asplanchna priodonta Gosse. Once, I. 
Asplanchna sieboldii Leydig. 
Asplanchnopus multiceps Schrank. Once, I and III. 
Diaschiza exigua Gosse. 
Diaschiza gibba Ehrbg. 
Diurella porcellus Gosse. Once, II and III. 
Diurella tenuior Gosse. Twice, I, and once, II and III. 
Euchlanis dilatata Ehrbg. Once, III. 
Filinia cornuta Weisse. Once, II. 
Lecane ungulata Gosse. Once, III. 
Lepadella ovalis Mill. 
Macrochaetus subquadratus Perty. Once, III. 
Monostyla cornuta Mill. 
Monostyla lunaris Ehrbg. 
Mytilina mucronata Mill. 
Notholea longispina. 
Notholea egg, attached. Once, III. 
Notommata aurita Mill. Twice, I, once, III. 
Platyias quadricornis Ehrbg. 
Pleurotrocha petromyzon Ehrbg. 
Rhinoglena frontalis. Once, II. 
Trichocerca endoparasitized. Once, II. 
Trichotria curta Voronkov. Twice, II, once, IT. 


Scirtopoda 
Pedalia mira Hudson was found in very small numbers once or 


twice in fresh material from Stockton Channel but not in regular 
catches for 1913. 


GASTROTRICHA 


Chaetonotus nodicaudus Voight and another species were each 
recorded once at Station I. They are known to be present in the 
locality in larger numbers and are, no doubt, strictly adventitious. 


ENTOMOSTRACA 
Station I Station II Station IIT Daily Hourly 
CASV. CYL O OC) Foe ee rcece cena seeneeeceecnaee 560,149 22,022 22,551 1,498,724 83,099 


With the exception of three specimens of Gammarus found at Sta- 
tion III the Crustacea recorded consisted of Entomostraca. Of this 
group only the Cladocera and Copepoda were of any importance in 
our plankton. Entomostraca were recorded in every month of the 
year at all stations, but the numbers were small everywhere during 
the first three months and there were some misses at all stations at 
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that period. In addition, Stations II and III showed occasional ab- 
sences up to May and June, and in the last two months of the year. 
The greatest abundance at all stations was in July, August and Sep- 
tember with the maximum in August or September at all. 

The count of Entomostraca is unsatisfactory for two reasons: first, 
specific identifications were too difficult for the writer under the con- 
ditions of work; second, the method of counting permitted too much 
error. Special trials showed that even distribution of Entomostraca 
in the counting cell seldom occurs. As the records stand, the main 
error was due in most cases to counting only the same fractional field 
as was counted for smaller organisms. It was the intention to make 
a special count of Entomostraca later in order to correct this, but an 
examination of the records showed that it was not probable that the 
limited increase in accuracy of count would make any material change 
in the possible conclusions. For that reason the intention of recount- 
ing was abandoned. So far as can be estimated from several recounts 
made at random, the variance in the count by the two different meth- 
ods is mainly from 10 to 25 per cent. 


Cladocera 
Station I Station II Station IIT Daily Hourly 
Forms recorded ............------- 3 4 4 2 2 
Individuals per cu. meter. 3,836 7,385 9,197 7,432 34,752 


The Cladocera were rarely prominent at any station. There was 
probably a much larger number of forms present than was recorded, 
since names were given only to those with conspicuous characters. The 
averages were distinctly lower at all stations than they were found 
to be in Illinois, except for one year there of recurrent floods. Since 
1913 seems to have been an unusually stable year here, there is reason 
for believing that the Cladocera are naturally fewer here. They were 
recorded in every month of the year at some station but the catches 
were few and far between and the numbers small at all stations until 
August. The maximum came on October I at Station I and in Sep- 
tember at Station II and III, after which the numbers rapidly de- 
clined at all stations. Our records therefore agree with those of 
Illinois in showing the favorable effect of stable (or even stagnating) 
water and of high temperatures. We have the further indication that 
sewage is detrimental since Station I had so much fewer numbers than 
either of the other stations. The explanation of the deleterious effect 
of flood waters in Illinois (Kofoid 1908) applies equally well here. 
The evidence for recurrent pulses is not convincing here at any station. 
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DiscussION OF GENERA 


Bosmina longirostris O. F. Mull. 
Station I Station II Station III Daily Hourly 
PXSGTIEN RG) et eee Sec 746 5,000 5,145 1,652 13,684 


Identification probable. This form was rare at Station I, being 
recorded only eleven times in small numbers, six times in September 
and October, the rest scattering. Catches at the other stations were 
almost confined to the same period but there were more of them and 
the numbers were larger. Clearly favored by warm, stagnating water 
and retarded by sewage. 


Chydorus sp. 
Station I Station II Station III Daily Hourly 
LNNASIENEG) ac semwnnentceecnctcoreceenen \acpaaeeeeROze 1,662 W5GO) | <sscsiecese,  iceeeccaseeeee 


Identification doubtful. Recorded seven times at Station II mainly 
in August and September, and five times at Station III at irregular 
intervals. No definite conclusion possible, though the indication is 
that sewage is injurious, while warm stagnating water is favorable. 


Sida sp. 
Station I Station II Station III Daily Hourly 
Average .. 2,960 738 1,325 5,781 21,068 
Identification doubtful. There was probably considerable confus- 
ion with other forms, especially Daphnia. Recorded frequently at 


Station I from early June to late October, rarely at other times. Num- 
bers always small except on October 1 (105,792). Recorded twice at 
Station II and seven times at Station III, nearly all in the warm 
months. Seems to be a warm water form favored by sewage and quiet 
waters. 

The following other genera of Cladocera were thought to be pres- 
ent: 


Alona sp. 
Bosmina sp. All three stations. 
Daphnia sp. 


Ostracoda 


Ostracoda were mainly notable for their absence. Cypris sp. was 
the only form recognized and it was rare. It was not recorded from 
the preserved material. Inasmuch as it has been found in abundance 
in ditches and temporary ponds about Stockton, it must be regarded 
as strictly adventitious. 
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Copepoda 
Station I Station II Station IIT Daily Hourly 
Forms recorded ...............- 4 3 3 4 3 
Individuals per cu. meter... 556,312 14,882 14,549 1,488,421 189,469 


Copepoda were recorded in every month of the year at Station I, 
and they were entirely missing only at Stations IT and III in Decem- 
ber and November, respectively. Numbers were small at all stations 
through the first three months and in the last month. At Stations IT 
and III they only reached 100,000 in three catehes in September at 
the former, and one eateh at the latter. There was no increase in num- 
bers at either place until May and the decline was very rapid after 
September. On the contrary, Station I showed very marked and 
steady increase In numbers after March and the decline after Sep- 
tember was gradual, though starting abruptly with the close of the 
month. The maximum at Station I came in August according to the 
record but it was so nearly eqalled in September that a recount might 
show it really to be in that month. However, this does not affect the 
general conclusion that the warmest months are most favorable, the 
culmination coming with approaching stagnation. The record also 
clearly shows-that the dilute sewage of Station I was distinctly favor- 
able to this group. 

Specific identifications were not attempted and there was certainly 
some confusion of forms during the count. Some of these errors could 
be corrected by a recount, but in the writer’s judgment there would 
not be enough advantage to warrant the great effort involved. 

Dr. C. D. Marsh, of the United States Bureau of Plant Industry, 
very kindly identified a few forms from a very limited amount of 
material sent to him. He noted the presence of Cyclops americanus 
Marsh, Cyclops prasinus Fischer, and Cyclops albidus Jurine. No 
other Copepoda were found in the samples sent to him but the writer 
is certain that some other forms occurred at times in limited numbers. 
Since Cyclops completely dominated the other genera in numbers, dis- 
cussion of seasonal distribution will be deferred till discussion of 
that group is reached. 


DIscussION OF GENERA 


Canthocamptus sp. 

Identification fairly certain. Recorded only twice at Station I, 
thrice at Station II and five times at Station III in small numbers and 
at wide intervals, but mainly in spring and fall. This genus has been 
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found in abundance in some of the shallow temporary ponds in Stock- 
ton in February, March and April, hence it is to be regarded as 
adventitious in the plankton collections. 


Cyclops sp. 

Station I Station II Station IIT Daily Hourly 
165,660 2,238 7,929 525,978 83,099 
Identification of genus usually certain. May include some other 


Average) .... 


genera when preservation of the individual was poor. As mentioned 
above, Dr. Marsh has indicated the presence of three species in the 
first half year. These were C. americanus Marsh, C. prasinus Fischer, 
and C. albidus Jurine. It is probable that there were few other 
species and that these furnished the principal numbers. 

The genus was rarely missing at Station I, though the numbers 
were comparatively small before May and in December. Only two 
catches were recorded before June 21 at Station II and two after Sep- 
tember 13. Conditions were somewhat the same at Station III, 
though the number of catches before mid-June was larger. The evi- 
dence seems to be conclusive that the genus is favored by sewage, by 
stagnation and by high temperature. It does not seem possible that 
recounting by any method could change the basis for such conclusions. 

There is some evidence of recurrent pulses at Station I but a 
recount would be necessary before listing them with full confidence. 
As it stands, no very close relationship to the algal pulses can be 
shown except in two or three cases. 


Diaptomus sp. 


While this genus does not appear in the record, it is so certain 
that it was present that definite mention of the fact seems desirable. 
It may have been sometimes included in the count with Cyclops, but 
the numbers were never very large and it may have failed to get into 
the counting field except in one or two eases. 


Naupltus spp. 
Station I Station II Station IIT Daily Hourly 
BAN GT:a GG aera en eeseeeaeee 392,240 11,722 5,239 962,366 106,370 


All kinds of larval copepods were included under this heading. 
Undoubtedly, nearly all belonged to Cyclops. They showed practically 
the same characteristics of distribution at all stations as those already 
noted for Cyclops, almost the only difference beg that more catches 
were recorded. This might be expected since such a variety of larval 
forms was included in the count. 
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No copepods other than the forms already noted were recorded 
from the 1913 collections. Since most of the Entomostraca were quite 
well preserved, it may be possible to make a eritical study of the 
group at a later period. 


MALACOSTRACA 


Three specimens, probably Gammarus sp., were found at Station 
III in January, 1913. They were taken from very shallow water be- 
fore the best place for collecting was found and they were evidently 
adventitious in the plankton. 


oa MISCELLANEOUS 
Glochidia spp. 


Station I Station II Station IIT Daily Hourly 
PENN GENCY eee eee 256 6,415 471 UPON cece racer 
General identification certain. May include larvae of several 
species of fresh water clams. Reeorded three times at Station I in 
July and August and five times at Station III, mostly in the same 
period. At Station II the numbers were much larger and the catches 
more numerous. Recorded three times in January and February in 
very small numbers and almost continuously in June and July. Sew- 
age evidently detrimental and flood water favorable to occurrence in 
the plankton. Effect of temperature uncertain. 


Macrobiotus sp. 
Station I StationII Station III Daily Hourly 
SENN ACTER) | pier Seo PE 80 854 COSA OS aga tree in ie Ra a oat 


Identification satisfactory. All the Tardigrada found were referred 
to this genus. It was only recorded twice at Station I, eleven times 
at Station II and three times at Station III, always in small numbers. 
Evidently adventitious. 


Nematoda sp. 
Station I Station II Station III Daily Hourly 
INS AGIEWER2) eres ee 212 185 AO ANN, = cekoe oes che sete ee 


Identification of the order certain. Nothing definite known as 
to generic classification. Very many specimens were immature. Re- 
corded six times at Station I in small numbers and at wide intervals, 
twice at Station II, and five times at Station III, these five being 
taken in the first three months. These are evidently adventitious 
forms in the plankton. 
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Other groups represented by only one or two forms or seen only 
in fresh material are as follows: 


Chironomus larva. Twice, II. Planarian. 

Oligochaetes. Three times, II. Statoblast of Pectinatella. (?) 
Nais (?) sp. Statoblast of Plumatella. (7?) 
Oelosoma sp. Hydrachnida sp. Twice, II. 


Summarizing, it may be worth while to eall particular attention 
to the number of forms present at different stations in different 
months, and to the proportional differences in numbers of organisms 
at the three stations by months, as shown by the accompanying text 
table. 


Text TasBLe 6.—NUMBERS OF KINDS OF PLANKTONTS BY STATIONS AND BY MontTHS 


In 1913 

January February March April 
Stations I II IIL I Wit inn I TL ILE I Il I 
Noein eee Il O WM a @ aoa GO oO oO DO @ 
Schizophycese:. S028. cea. ue AD OI oe Oe Oe On een es 
@hlorophyceaess..c2 ON Sse O) NLOME OME! Sm SRtO sie am Mmmm 
Bacillariaceae............................ 24 28 18 22 28 28 26 34 38 27 37 [33 
Conjugatae See Se GBs <Bi VES Ree tb) SG 4 Ze OO) 
MEN NOeeeeere  o w I @ il 8S wv 4 4 B ® 
hI ZO POG ae eee 2. 1 2S 3392) 3) Oe AO Oe 
FUCliOz0 as ee eee een Oey FO. OF Or Of “Sabo osy a il @  l 
Ciliata......... By OF SY ly By By aS 7 ID Gs 
Suctoriavh= tet sates Se es Oo YY Oo 2 O O ®O @ @ OM k © 
Rhizota....... Oo it OO O O O&O OY © © 8 O © 
Bdelloida.... 3 3° 2) (3 25 32) 83) Voie 2 eee 
Ploimae in O48) 1), NY ay ey Eales a) 
OMG STR e meen TO) Oe Ow  @ i @ 2B il 
Copepoda........ Mentisws, I i ee 
Miscellaneous). ee | A 2S 2 OS 
Motel ge scntccn aetna: 83 69 51 89 73 82 92 91 96 98 90 91 

May June July August 
Stations I Il Il I It AE I II Il I JUG one 
IBacteriacenel=. ss eee : Ds Ore 1S pale A a Oa ee 
Schizophyceae................ : Oey GO 7 se @) ail) KE at 
Chlorophyceae.................. MO teh yal ize aa) i) ao) tl) 
Bacillariaceae................. 253%, 3) 923) 4257534 18835) 29) 22 somes 
Conjugatae....... 1 4 2 4 AS So Om SO OmOREEO 
Mastigophora.. ee 10) 9) 9 OLS SO La sO) 
RbizZo pod dees eee 6, 2) 72h SA BN 8 tose oe a Om 
13 hiay {oy eee re ae 1 'O) D2), S19 lt Zeiss 
Ciliata..... Brees. 00 42 go) 73) 223) Se) o/c OU ETO 
SUCtOnIAN See ete res: OO O..0F O © @G at d Oo 2 FB 
RUN ZO tate A r3.5:- 2, See ce ewes sO Oh Or Ow ey al 
i a ae ete ak cle el il SY 8) 
167 92) 15 161 aS G2 OG ape Oma: 
De doe a 0) yale ee eee er 
2 1 1 1 1 1 1 1 1 2 2 2 
LBs) 0! Se 2 Ogee re ey ee, 
93 86 84 87 98 92 91 107 101 107 122 116 
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Text TABLE 6.—NUMBERS OF KINDS OF PLANKTONTS BY STATIONS AND BY MonTHS 
IN 1913—Continued 


September October November December 

Stations I II Ill I IGE Mba I Il Ill I Il Ill 

Bacteriaceae............. DISSE cH Us seat Eo Ea ALD ih i ei ho La get ie be O)m 21 
Schizophyceae....... IAP TLDS abit al) Ga a ie S} 
Chlorophyceae.... a VO Th at ah ib @ all 1@) abl 3G 7 
Bacillariaceae.................... Zo" 28) 920) 286 25) ol 826) 29) 135) 32° 291936 
Conjugatae................. DEO Soe Om One Omer oo enon WiAouu weed: 
Mastigophora....... sy, 14, MIG} als3 oe) al) aE ai) IPP I i} ) 
Rhizopoda......... Goin OP OMe eae On e/a b mn One (5 <4 
Heliozoa.... Bem ecb) bij By Voy ete A Oo iL 
Ciliata..... Sy 3) My I YG IGS ETEK) 
UChOR ates eee: ele oe NT srs yl OS ee Olea h roan 
Ribvzo tae een: i A Fe 2 On 1 ike OR NOS 10) 
Bdelloida............ BG arte wo ies, We Sh ale ae. aie” aah Oe) 
Plows. 3 sy alr UG al}: at} aay la) ala all 8 12 4 
Cladocera......... PH lee es he RA SOS Pi OA eles Pe al 
Copepoda... Doge creer i: oliveri 15S Opal ea Opal 
Miscellaneous Oo ak @ iO a ak ak © @ © Beal 
MO tale ceccccssacs-s ....... 104 108 108 116 100 101 108 101 107 115 85 88 


This table shows some points quite well. The number of forms 
was lowest at all stations in January. There was then steady increase 
to May, when fiood waters were highest and the number of forms re- 
corded shghtly less. Increase in number of forms began again in June, 
becoming greatest at Stations IT and III in August and at Station I 
in October. The numbers were well sustained at the two stations 
until December, when there was a marked decrease. Station I not 
only showed increase to October, but almost equaled it in December. 
While it is probable that more accurate species determination might 
change the detail of this showing, it is not probable that the general 
differences would be affected. 

One legitimate inference from this table is that Station I is less 
subject to seasonal fluctuations than either of the other stations. At 
present the only reasonable explanation of this fact seems to be that 
the dilute sewage of Station I is the prime factor, for the superficial 
resemblances would lead one to expect that Stations I and III would 
most closely approach each other in character and distribution of 
populations, rather than Stations II and III. But the reverse is true, 
and sewage is the only known factor of sufficient moment to account 
for it. It is true that temperatures run slightly higher at Station T, 
but is it not possible that this higher temperature is partly due to the 
rapid turnover of the great quantities of organic matter. 

Aside from the question of temperature there is ample reason for 
assigning main influence to sewage because of the great food supply, 
a supply superabundant and hence essentially constant through the 


114 University of California Publications in Zoology (Vou. 22 


year, with the exception of May and June, the time of the mountain 
floods. The decrease in number of forms at this time strengthens 
the view that flood waters dilute the sewage and reduce the food 
supply, thus reducing reproductive and growth activities. There is 
also considerable loss through washing out, even with the rather low 
waters of 1913. The 1914 collections should certainly throw some 
additional light on this question. 


THE DAILY SERIES 


As noted elsewhere, the daily series was undertaken in the hope 
that it would give definite information concerning the problems of 
recurrent pulses and the incident conditions. This hope was partly 
realized, although the thirty-one days constituting the series was not 
enough, and it is evident that more faithful adherence to a uniform 
hour of collection is desirable. Since this last would involve very 
marked differences in condition of tide, it is probable that Stockton 
is not a good locality for such a test. It would be much better to try 
it in a locality free from tidal influence. It is also probable that 
the large amount of traffic past the point at which this series was 
taken might affect the results. At any rate, these two factors, at least, 
might be eliminated in some other locality. However unimportant 
they might later be proven to be, they do make the problem need- 
lessly complex. 

Under the circumstances it does not seem desirable to discuss 
individually even the more conspicuous species. Generalizations to 
be reached by such discussion in this series do not differ materially 
from those to be obtained from consideration of the larger groups. 
Species records are given in table 4. 

Although the thirty-one days did not give a series of sufficient 
length to be wholly satisfactory, there are some points of decided 
interest. These are graphically indicated in plates 1, 6, and 3. In 
plate 1, showing volumes, there was a prominent pulse apex on- July 
13, another maximum for the series on July 18, and another almost 
as large on July 27. Explanation of this is afforded in part by 
plate 6, where it is shown that chlorophyll bearers and Protozoa and 
Rotifera all had pulse culminations near July 13 and July 27, while 
the Entomostraca showed a pulse culmination maximum for the series 
on July 22. It is evident that the median position of the volumetric 
maximum is due to its dependence on the entomostracan numerical 
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maximum since the bodies of individual Entomostraea are so much 
larger than those of the other planktonts. Just why the numerical 
maximum of Entomostraca should fall between pulses of other groups 
does not so clearly appear. The most obvious explanation is that 
the abundant food supply furnished by other organisms near July 12 
led to abundant reproduction of Entomostraca (mainly Cyclops), 
which in turn reduced the number of other organisms and led to its 
own decline. The pulse culmination of other organisms at July 27 
would then be due to rapid recovery from the inroads of the Ento- 
mostraca. 

On account of insufficiency of records, consideration of light rela- 
tions does not give very satisfying aid toward an explanation of these 
pulses. Both our records and those of Mr. Higby, the Stockton 
weather observer, were made at a particular time of day and so fail 
to show the day as a whole so far as clouds, ete., were concerned. 
It is also true that such records fail to show the influence of the wind 
except for a small part of the day. As the records stand (table 7), 
the daylight conditions appear to have been too nearly uniform 
through the series to have had any marked influence on plankton 
pulses. 

Reference to the lunar cycle for July, 1913, however, suggests the 
probability of its having a strong influence in this connection. It 
may be noted that the beginning of the marked rise in production 
of chlorophyll bearers came on July 10 at the first quarter of the 
moon, and that the apex of the pulse for these organisms came on 
July 17, at full moon. The rapid decline thereafter may be easily 
explained by the unusual abundance of Entomostraca and other preda- 
tory animals, while the smaller pulse culminating on July 27 might 
be due to partial recovery from their attacks. The evidence here that 
the waxing moon brings rapid increase of chlorophyll bearing organ- 
isms is as strong as could possibly be imagined, since the record covers 
only a single lunar eyele. It makes one wish that the daily records 
might have been carried over several lunar cycles in order to find the 
variations which might be expected. This particular series certainly 
confirms in a definite way Professor Kofoid’s argument (1908) that 
pulses of chlorophyll bearers, and consequently of other planktonts, 
tend to accompany increases of lunar light. 

The important features in the records of this series are concerned 
most directly with the chlorophyll bearing organisms, as just discussed. 
But, as a matter of interest, brief mention will now be given of the 
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typical Protozoa (Mastigophora are included above with chlorophyll 
bearers) and of the Rotifera. Examination of plate 6 discloses the 
fact that Protozoa showed pulses at about the same periods as did the 
chlorophyll bearers, slightly preceding the latter at the first and coin- 
ciding at the second. The evidence which this gives of close associ- 
ation of the two groups is the only important feature. The analysis 
of the relationship presents some decided difficulties. In the first 
place, most of the Protozoa found here at this time were of the type 
which depends upon bacteria for food rather than upon green or- 
ganisms (at least no Protozoa were ever observed with green organisms 
in their bodies). The presence of green organisms might favor them, 
however, by excretion of oxygen and absorption of carbon dioxide. 
Aside from these considerations, the only reason for coincidence of 
pulses in the two groups would seem to be in general conditions 
favorable to both. 

In the case of the Rotifera, the abundance of food with which 
most of them are furnished by an increase in green organisms would 
seem sufficient to account for close correspondence of pulses of the 
two groups. Unfortunately for the validity of this view, the first 
rotiferan pulse (pl. 6) culminates on July 12, five days before the 
culmination of the pulse of chlorophyll bearers. It is also true that 
the second pulse coincides exactly with that of the green organisms. 
If the food relationship were the deciding factor, the rotiferan pulse 
should always follow. It is possible that here again is a case in 
which the gaseous content of the water forms one of the connecting 
links for two groups of organisms. 


SUMMARY 


Considering the large numbers of factors which might influence the 
location of pulses of various organisms or groups of organisms, it is 
necessary for the present to say that the showing made by this daily 
series of a single lunar cycle may be to some degree accidental. 
Hence no inference can be regarded as proven. The important 
inferences suggested by these daily records may be summarized as 
follows: 

1. There was a very distinct increase in numbers of green organ- 
isms as the light of the moon increased. 

2. There was an abrupt decrease in green organisms as Entomo- 
straca increased, which was followed by a partial recovery after the 
entomostracan maximum. 
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3. The two pulses of chlorophyll bearers were closely accompanied 
by similar pulses of Protozoa (exclusive of Mastigophora) and of 
Rotifera. 

4. It is very necessary to have similar series covering several lunar 
cycles in order to evaluate the various factors of distribution and the 
bonds of relationship of plankton organisms. 

Before leaving the discussion of this series, the point should be 
emphasized that daily collections frequently give a very different view 
of the situation from any that may be obtained at longer intervals. 
Comparison of plates 3 and 1 (graph Station I and Daily) shows this 
very clearly. Referring first to plate 1, it will be seen that although 
the regular Station I series was taken twice a week the difference is 
very great. In the Station I regular series the volumetric maximum 
came on July 30, but the daily record shows that four catches (July 
13, 18, 20, and 27) exceeded it, two of them greatly. The semiweekly 
record shows this maximum on the rise of a pulse while the daily 
record shows it as on the decline of another. The daily record also 
shows marked fluctuations in volume of the catches during this lunar 
eyele which are not indicated by the other. 

If the regular series had been taken only once a week (which is 
usually the shortest interval used by investigators), the dates would 
have been July 5, 12, 19, 26, and August 2. Comparing this with the 
daily record we see that it would have shown an erroneous picture 
of conditions since it would have indicated a considerable abrupt rise 
in volumes to fairly stable, higher levels. 

Turning to plates 3 and 6, we find the same things true. In the 
case of the Entomostraca the remarkable pulse from July 20 to 23 is 
entirely missed by even the semiweekly method. While the pulses of 
the other groups are not entirely missed, they appear much more ab- 
rupt in the regular series than they really are. 

In consequence of these remarkable differences it is surely clear 
that only the most general conclusions may be safely drawn from 
series of catches taken at intervals greater than one day. 


THE HOURLY SERIES 


This series, covering a period of about twelve hours on August 11, 
was undertaken in the hope of finding some indication of the import- 
ance of the daily tidal currents in a study of the plankton. It was 
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also expected that some information might be obtained as to diurnal 
influences of light. The series is too short to be satisfactory (twenty- 
four hours would be better) and several days should be covered in- 
stead of one. 

Despite these defects, the records indicate some points of interest. 
It happened that on the day selected low tide came at about 11 a.m. 
at Stockton, but there was no available way of recording the tide 
accurately. There is nothing in the record that can be positively 
connected with tides. 

Still less than in the Daily series does there seem to be anything 
indicated by the species record which is not as well shown by major 
groups. For that reason the general discussion only will be given. 
Reference to table 5 will easily show such detail as has been recorded. 

Since chlorophyll bearing organisms give, to a large extent, the 
basis of interpretation of plankton conditions they may receive first 
attention. Plate 6 (hourly) shows a preliminary drop in numbers 
from 7 A.M. to 8 A.M. a nearly uniform succession of catches to 12 M. 
and a constant rise through the remainder of the series to the close 
at 6:45 p.m. <A graph of such very prominent characters demands 
explanation, but the demand cannot be fully satisfied from the present 
records. During the forenoon period of nearly uniform numbers the 
tide was ebbing, the air was hazy with full sunlight, there was httle 
wind and the water was nearly smooth most of the time. In the 
afternoon period of rapidly and constantly rising numbers there was 
flowing tide, hazy air with full sunlight, strong wind, almost a gale 
at the close, and very rough water, with strong cross currents due 
to wind. The water temperature varied from 24° C at 7 a.m. to 26° C 
from 11 a.m. to 4 p.m. and to 25° C at 6:45 pw. Among the observ- 
able factors involved, the temperature seemed to be the only one of 
sufficient constancy to account for the increase. Light was the only 
other factor that seemed likely to have had a beneficial effect and it 
was surely very much poorer in the afternoon on account of rough 
water. In view of such adverse conditions as rough water and poorer 
light it would have been reasonable to expect that there would at 
Jeast be no increase in numbers of plankton in the afternoon. As 
the evidence stands it points distinetly to the conclusion that temper- 
ature was the dominant factor in the diurnal fluctuation of chlorophyll 
bearers. 

If there had been only one or two larger catches in the afternoon 
or if there had been fluctuation in numbers there might be some 
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question as to the sufficiency of the above evidence, but it will be 
noted that after 12 m. there was a steady inerease broken by only one 
fall below the last preceding number and this break occurred at 6 P.M. 
A more detailed analysis of the chlorophyll bearing group very forei- 
bly emphasizes the reliability of the record covering this point. In 
plate 11 it will be seen that Schizophyceae and Bacillariaceae have 
very pronounced inerease after 12 o0’clock, while Chlorophyeceae and 
Conjugatae have moderate increase, somewhat wavering, and that 
Mastigophora have a strong but erratic rise from greater numbers at 
1 p.m. a low minimum, to 7 p.m., almost equal to the forenoon maxi- 
mum. It is also clear that all these except the Chlorophyceae show 
the sharp temporary decline at 6 p.m. Looking up species records 
in table 5, we find that the 6 p.m. decline is mainly due to deficiencies 
in numbers of Nostoc and Cyclotella. Also that the erratic record of 
Mastigophora through the day is due principally to Chromulina, 
Hemidinium and Trachelomonas, all very diffieult to identify or to 
count. Taken as a whole, the evidence indicates that the records 
give a fairly dependable idea of the history of the chlorophyll bearers 
through the twelve-hour period. From this history the tentative con- 
clusion may be drawn that temperature is a major if not the deter- 
mining factor in daily fluctuations of numbers. It may be, however, 
that wind and waves do not exclude enough sunlight in shallow water 
to make any great difference and that the greatest influence in this 
case was due to sunlight. This last view is supported by the history 
of the other groups. 

In case of the Protozoa, the Rhizopoda (pl. 11, and table 5) and 
the Heliozoa (table 5) give responses similar to chlorophyll bearers, 
ie., an afternoon rise ; but their numbers are relatively small, for most 
of the catches and their afternoon prominence might easily be due 
to the stirring of bottom waters by the strong currents caused by 
combined wind and tide. This leaves, then, the Ciliata as the only 
typical protozoan group with a reasonably clear record. Reference 
to table 5 shows the ciliate assemblage to consist almost entirely of 
Holophrya, Tinlinnidium and two Vorticella and that they all agree 
in a strong forenoon representation with an afternoon decline, well 
pronounced for three of them. Since temperature would be expected 
to affect these as markedly as it did the chlorophyll bearers, while 
light probably would not, we have a valid conclusion indicated that 
light is the major factor in the afternoon rise in numbers of chloro- 
phyll bearers. 
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The Rotifera (pl. 19) show substantial agreement with the Ciliata, 
both collectively and individually. Hence we are still further led to 
doubt the dominance of temperature. 

As to Entomostraca (pl. 19) the catches of Cladocera were too 
variable to give any information, and those of Copepoda were also 
rather indefinite. There was not much difference between the forenoon 
and afternoon catches either of Cladocera or of Copepoda or of both 
together. 

As shown by plate 1, the whole plankton volume increased strongly 
through most of the twelve hours, both actually and also relatively 
to the volume of sediment. No explanation of this fact seems to be 
available, although the distribution of the chlorophyll bearers may 
be of sufficient importance. 

The foregoing discussion leaves a final impression which is badly 
muddled. This may truly represent the facts, but it is not satisfying 
to the mind. A different form of discussion may help to clear the 
problems involved. Examination of tables and plates already men- 
tioned discloses the fact that, based on distribution through the twelve 
hours, there were two fairly well marked groups of planktonts, con- 
sisting on the one hand of the chlorophyll bearers and on the other 
hand of the more highly motile animal forms. The former showed 
a steady increase in numbers as the hours of afternoon passed. The 
latter showed just as pronounced a decrease, though less uniform, 
from the forenoon numbers. 

Apparently the general factors which could probably be involved 
are the following: vital, chemical and physical. While specific sub- 
divisions of these make a formidable list, which is further complicated 
by their very general interdependence, it seems that some are suffi- 
ciently dominant to enable tentative discussion, as in the accompany- 
ing list: 


Vital Factors Chemical Factors Physical Factors 
Locomotion Organic content Viscosity 
Irritability Mineral content Turbidity 
Feeding Gaseous content Suspended solids 
Respiration A {Tide 
Excretion CERISE YWind 
Reproduction Oscillations 
Other organisms Temperature 

Light 
Pressure 


Locomotion, among the vital factors, is characteristic of the typical 
animal forms, but its effectiveness may be increased or diminished by 
respiration and excretion, or other factors, in the same animal or in 
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neighboring organisms of any type. It may be similarly affected by 
the gaseous content of the water, which in turn is determined to some 
extent by temperature, light and currents in water and air, and so 
on with an indefinite number of combinations. It is necessary to limit 
our present discussion to those combinations which are most probably 
determinative within the twelve-hour period. Continuing the refer- 
ence to locomotion with this limitation in view, we have to note that 
the more typically animal organisms may have been less numerous in 
afternoon catches because of migration to bottom layers of water, the 
lowest of which the net did not reach. Such a migration might be 
due to the influence of several other factors. Rising temperature 
might induce it directly by discomfort or indirectly by lessened vis- 
cosity of water, relatively increasing the influence of gravity, or by 
reducing the gaseous content, probably not greatly effective, or by 
changing the gaseous content through more oxygen excretion and 
carbon dioxide absorption by green organisms, or by increase of dis- 
agreeable excretions from the surface organisms as they became more 
active under higher temperature. 

Locomotion might also be affected by the wind, directly by dis- 
comfort due to surface agitation, indirectly by interference with food 
taking near the surface through rapid oscillations of surface layers 
of water. Leeward drive of the wind is not considered because it 
would affect green organisms as much or more than the locomotor 
organisms. 

Light might affect locomotion directly by discomfort and indirectly 
by the increase of starch manufacture, in green plants, with the larger 
amount of oxygen liberation and carbon dioxide consumption, thus 
shifting the region of the mean gas content to which motile forms 
are accustomed, to some distance below the surface. 

Locomotion might affect non-motile surface organisms through re- 
moval of predatory organisms by migration, thus letting growth and 
multiplication go on unchecked. It would not be necessary for an 
organism to pass a whole life cycle in order to show this effect. Un- 
doubtedly there are at any given moment in a plankton population 
many very young individuals, many just maturing, and many just 
ready to divide. Unfavorable conditions would arrest or deter devel- 
opmental processes which would be again accelerated by favorable 
conditions. At a favorable time, then, many new organisms, which 
had been restrained during an adverse period, might be liberated and 
allowed to grow. 
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Reproduction as a factor influencing diurnal oscillations of num- 
bers may not be important, but, for the reason just stated, it probably 
is. If, in addition to this, it could be shown that any considerable 
number of plankton forms accelerate both growth and fission pro- 
cesses with diurnal rise in temperature and that fission may occur 
two or more times in twenty-four hours, the argument in favor of 
dominance of temperature through the reproductive factor would be 
convincing. The writer has examined large numbers of publications 
without finding definite discussion of this point. Apparently the 
only cases in which the number of generations in a twenty-four hour 
period has been accurately determined have shown what occurred 
under special laboratory conditions only, and they do not tell what 
occurs with a mixed population under natural conditions. Even so, 
the published records of such studies deal almost entirely with animal 
types. Since the increase of numbers due simply to acceleration of 
vital processes is sufficient to account for any probable influence of the 
reproductive factor in this series, it is doubtless best to say that the 
addition of a distinct generation during the twelve-hour period is 
improbable. 

It is also true that reproduction may be influenced by light. Some 
organisms may be stimulated to greater reproductive capacity, some 
to less. In the green organisms, with which we are now mainly con- 
cerned, it may be seen that light, through acceleration of food manu- 
facture, might cause increase of fission, due to increased availability 
of energy producing and building materials. On the other hand, it 
seems to be pretty well known that in higher algae and phanerogams 
food manufacture is characteristic of day time, growth and repro- 
duction of night, i.e., the plant does not carry on all its functions 
equally well at the same time. 

The gaseous content of the water would be mainly effective, under 
ordinary conditions, through its influence on the irritability of the 
organisms and through its more or less direct connection with their 
feeding and respiration. A very slight difference in dissolved gases 
would surely change the responses of some organisms to light and 
other stimuli, but it is hard to determine the definite connection of 
that fact with the conditions now under consideration. As Birge and 
Juday have clearly shown, the physiology of plankton organisms can- 
not be fully determined by tests under artificial conditions such as 
those of the laboratory, e.g., the capacity of various animal forms for 
meeting anacrobie conditions of the environment is vastly greater in 
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natural bodies of water than it is in artificial cultures. In the pres- 
ent instance it seems possible that the decline in numbers of certain 
zooplanktonts toward midday might be due to negative phototropism 
caused by supersaturation of water by oxygen liberated during photo- 
synthesis by plants. But it might be due to negative phototropism 
due to rising temperature, or to negative phototropism or positive 
geotropism due to increasing agitation of the water, or to various 
other factors or combinations of factors. 

So far as green organisms are concerned, it may be readily under- 
stood that photosynthetic and growth and reproductive processes 
might all be accelerated by the presence of carbon dioxide with a 
rising temperature and a considerable amount of sunlight (though 
less than the maximum because of rough water). It is also true that 
increase of oxygen formation might increase the buoyancy of the 
plant cells so that larger numbers of them would be in the region of 
water traversed by the net. This is especially probable in the pres- 
ence of wind because any agitation of the shallow (two and one-half 
meters) water would be an aid to buoyancy. 

There is no possibility of segregating tidal from other influences 
on our present information. So far as the currents, wind and tide, 
and oscillations of the water are concerned, taken all together, they 
might induce negative phototropism, or positive geotropism and thig- 
motropism in the animals. They might also affect the green organisms 
by aiding buoyaney and by increasing the circulation of the water, 
thus bringing more carbon dioxide to the absorbing surfaces and 
rapidly removing oxygen and other waste products from such surfaces. 

Perhaps enough has already been said about temperature, but it 
will do no harm to recall that it affects flotation of organisms through 
changes in viscosity, that it probably plays an important part in 
reversal of tropisms under natural conditions, and that any change 
either accelerates or retards all of the activities of the organisms. 

For this series the influence of light cannot be segregated from 
that of temperature since both are dependent on the sun’s rays. It 
may be said, however, that light plays more or less part in reversal, 
or intensity of reversal, of tropisms of organisms, and that it is of 
major importance in photosynthesis and thus in effect on the gas 
content of the water. 

So far as the other factors listed above are concerned, it is not 
seen that they could be of appreciable influence in this period under 
the conditions of variability recorded for the organisms and for the 
general factors involved. 
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One point of general interest may be noted in plate 1, where it 
appears from the volumetric graph that the total volume decreased 
gradually to midday and increased again through the afternoon, but 
that the net volume of plankton increased fairly steadily throughout 
the twelve hours. This is not what might be expected because the 
wind and tide of the afternoon should, theoretically, stir the water 
enough to increase the relative amount of silt. The unexpected silt 
diminution might be due to collecting conditions, the stronger com- 
bined current from wind and tide in the afternoon carrying away the 
silt stirred up by impact of the drain cup cylinder upon the bottom. 


CONCLUSION 


In conclusion it may be said that the following points appear 
distinetly from the present study : 

1. San Joaquin waters are capable of supporting abundant plank- 
ton, and they do so in the vicinity of Stockton. 

2. The plankton of the sewage-laden Stockton Channel is distinctly 
different from that of the river, the number and volume of its animal 
forms being especially conspicuous as distinguished from the algal 
dominants of the latter. 

3. Temperature is, within certain limits, the determining factor 
in seasonal distribution. This may be by direct retardation of growth 
and reproduction in organisms, or by indirect influence through food 
supply and gaseous content of water. 

4. Water currents above a very moderate speed are distinctly in- 
imical to plankton development. 

5. The peculiar succession of rainy season and dry season has 
resulted in an autumnal maximum of plankton about Stockton, a 
condition directly contrary to that of vernal maxima recorded by 
various observers in other localities. 

6. Collections taken at intervals of one week or more do not furnish 
a basis for accurate determination of plankton distribution through 
the year. Daily collections properly taken would probably do so. 

7. There is some evidence in favor of the idea that increase of 
lunar light tends to the increase of plankton, especially chlorophyll 
bearers. 

8. There is evidence to show that fluctuations in amount of plank- 
ton occur at various hours of the day. 
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9. The abundant occurrence of Bacillaria paradoxa, generally 
listed as a typical brackish water form, is notable. This seems to be 
one case in which marked departure from a typical chemical environ- 
ment has not visibly affected structure or behavior. 

10. Lastly, it is necessary to emphasize the fact again that what- 
ever fault or error there may be in this report is chargeable absolutely 
to the writer. In some cases expert advice has not been followed after 
being asked. On the other hand, there is the deepest obligation to the 
persons already mentioned for advice and assistance. 


ADDENDUM 


Since writing the discussion of the series of plankton collections 
of 1913 the statistics for the collections of 1914 and 1915 have been 
compiled and examined. Inasmuch as weekly collections only were 
taken in 1914 and 1915, and sinee two stations only were used in each 
of these years, the records are much less comprehensive than those for 
1913. On this account, and also because the 1914 and 1915 records 
are essentially similar to those for 1913, it seems inadvisable to pre- 
pare them for publication. The collections for 1914 and 1915 have 
already been deposited with the Department of Zoology of the Uni- 
versity of California and it is the writer’s intention to deposit the 
manuscript records in the same place. 


Transmitted August 15, 1918. 
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TABLE 1—ORGANISMS PER CuBIC METER IN PLANKTON OF 
SrocKkTON CHANNEL IN 1913 


Spirillum Anabaena Aphanocapsa Gloeocapsa Glococapsa Gomphosphaera 
1913 undula sp. sp. conglomerata sp- aponinae 
MS ow Mersresatensaee 
1/8 CNY Re Aakeated  cutcbecosbccussren 
AP eer 
1/15 CLO. ~~ nttegscesnstes 1 sprconctersaccre 
1/19 26,448 
IW ERA = eater SOO!” seksi 
1/26 
APA ee cee raaa 9) iccotenseeres 
PH PLN) edie’ ieee amerareoatCess | Ma) ooseecaaccon? 
2/5 
2/8 
2/12 Souk a 0 Ac meeremeen 
2/15 Sissel Na seameecceeeereeer 
2/19 800 
2/23 ccaenes 
2/26 
ay il 
Zaid mama Rope Sa 
By Pct ees etree we 
3/12 
CYA Ye Settee RRR. i ccercincrtcrcnacs «=. banauoacceean 
yA OES ercerueeacnocs Al ueatreececnccons 
3/23 
31565 wk ee 
3/29 eens 
4/ 2 1,600 
4/ 5 sieend 
4/9 Sone: 
ASAD © R desseaes creer ice or 
4/16 1,600 
4/19 WGOO) ils 
CUD ESS  estekeccereccos’ | easektepsidonscs 
LU OX ew mee eerepe tine. tose Our terea) = ae eeoS cH oor0 
AYR Pee eh ete tie ccueteeaeecese 
5/ 3 TSUN cemmneigente 
iy) 7 9 '600!) ° cameos 
§/11 52:896)5 | eas 
5/14 10792.  eateetes 
5/17 6,400 
5/21 158,688 
5/24 3,200 105,792 3,200 
BY Cie eee 740 UNV eeeercerci am eraraceoco ee 211,584 
5/ste)  LO5"792) Boe oa Oa Satie ra ries 3,200 
6/ 3 6,400 W269;504) oe Ssceesteeees 105,792 
6/7 25,600 (40 5442 Fees 105,792 
6/11 6,400 846,336 a 
6/16 6,400 317,376 
6/18 6,400 740,544 
6/21 370,272 687,648 
6/25 32,000 1,110,816 
6/28 370,272 687,648 
Cif ee RAUO)  ncccrenosesosete 687,648 
Tole = AE ACPA | Reema 476,064 
7/9 158,688 687,648 38,400 370,272 
7/12 1,163,712 1,005,024 899,232 581,856 
7/16 $46,336 1,216,608 158,688 1,375,296 
7/19 581,856 158,688 3,200 528,960 
7/23 105,792 6;400)  Aeeeeees 264,480 
7/26 211,584 264,480: cece 1,005,024 
7/30 158,688 211,584 3,200 317,376 
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TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 
SrTocKToN CHANNEL IN 1913—(Continued) 


Spirillum Anabaena Aphanocapsa Gloeocapsa Glococapsa 
undula sp. sp. conglomerata sp. 

is Felvas secede 105,792 

‘ 264,480 


528,960 
317,376 


3,200 370,272 
tees 423,168 
; : 476,064 
105,792 899,232 
peeemee Ne cna 105,792 370,272 
: : Tesevdsaessevess 105,792 370,272 
3,200 105,792 ; ‘ 634,752 
Seeecuss 105,792 : seers 370,272 
105,792 rae rer 370,272 
SG aciesetes ae : 476,064 
ae 52,896 ee. 740,544 
eee ee AUS =i st 423,168 
meee  . 0400.  aheantiies itiniaenests 687,648 
52,896 be ete . 952,128 
Beecece sc 740,544 
serach 528,960 
52,896 423,168 
52,896 158,688 
Pee. 52/896 
SIA 52,896 
52,896 ; 158,688 
TIOEE CL PAS aera neeree Pom rcoararnera |) eececterreceoc 264,480 
158,688 ba 634,752 
105,792 423,168 
52,896 264,480 
238,032 634,752 
158,688 581,856 
Per, 317,376 
476,064 
Pee yinccslnce 105,792 
Besckes : 52,896 
es, 18,400 19,836 
26,448 26,448 66,120 
26,448 26,448 52,896 
26,448 SEE 13,224 
400 SOO) eae 39,672 
400 SOOT: Pee ASR Ge ececsccss 46,284 
MOIS Gy esc eereentoaees) | tenes 39,672 
Inactis tinctoria Merismopedium Microcystis Nostoe Oscillatoria 
Agardh glaucum sp. sp. formosa 


Gomphosphaera 
aponinae 


sp. 
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TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 


Inactis tinctoria Merismopedium 


Agardh 


6.876,48 


StockToON CHANNEL IN 1913—(Continued) 


glaucum sp- 


211,584 
12,800 
105,792 
264,480 
317,376 
264,480 
264,480 
264,480 
211,584 
105,792 
3,200 
105,792 
158,688 


Microcystis 


Nostoe 
sp. 


528,960 


Oscillatoria Oscillatoria 
formosa sp. 


105,792 
3,200 
211,584 
370,272 
317,376 
476,064 
317,376 
476,064 
476,064 
317,376 
1,692,672 
528,960 
1,692,672 
1,110,816 
846,336 
2,221,632 
2,062,944 
1,216,608 
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TABLE 1—OrGANISMS PER CuBIC METER IN PLANKTON OF 
STocKToN CHANNEL IN 1913—( Continued) 


Inactis tinetoria Merismopedium Microcystis Nostoe Oscillatoria Oscillatoria 
1913 Agardh glaucum sp. sp. formosa sp. 
9/ 9 5,130,912 : : 264,480 ; 899,232 
9/13 5,501,184. ; 846,336 ; 1,216,608 
9/17 4,231,680 seve : 317,376 423,168 Aatsosesvsceeees 105,792 
9/20 6,876,480 105,792 158,688 264,480 nsntastboentecs 1,110,816 
9/24 Ol OOM OF I eee ee ae 476,064 —..... ae 370,272 
9/27 4,337,472 ou... needs 2,8 52,896 eh ES 740,544 
10/ 1 BASS AIG  ..Aseccs te ; ust : : , 370,272 
10/ 4 DrADNOSee | seek : 105,792 158,688 a ; 105,792 
10/ 8 1,428,192 souereee : 52,896 158,688 eae tas 317,376 
10/11 1,163,712 52,896 105,792 6,400 mr 5 105,792 
10/15 1,216,608 onsexaeeeastes 6,400 Giseeereestesee wuss seses 528,960 
10/18 476,064 eee Serene Pan ae OEE 105,792 
10/22 846;386, RAs 6,400 seecceke : seat 370,272 
10/26 1053792... ies 52,896 ae : ridbsece Brees 
10/29 317,376 estoy ; 6,400 6,400 see : 211,584 
Ty a 264,480 634,752 105,792 6,400 cae iste 52,896 
TYE 3 BaCoRACE f 370,272 6,400 52,896 Teor dente teem 52,896 
11/ 8 158,688 264,480 52,896 Saas oe ee ess 52,896 
11/12 79,344 3,358,896 ster : i Ueateetoncncet 52,896 
11/15 158,688 1,269,504 52,896 ores : Sok seasccsides ogasvasvets suse 
11/19 528,960 Be csi cs 3,200 oat : 52,896 
11/22 634,752 Sens Wee eee 158,688 
11/26 GILT 5D” | cleat iicgs Stet ie eR eee ae 
11/30 105,792 [6002 bees So ae ectcteeon) oes es 
12/7 3 343,824 3,200 52,896 
12/ 6 211,584 eigdeetungeese : 79,344 
12/10 92,568 iss hameneee 26,448 
12/14 WBZ 2405 ccecsteyetence 33,060 
12/17 2381032) ace |  ¢eeeee ee me eee ee 33,060 
12/20 NWOSs492) ice tee eee 39,672 
12/24 33,060 - 400 800 13,224 
12/27 99,180 issecuies dy eae epeeMenap Sait ron, 52,896 
12/31 GOVSEAG | Ge etSs he eee eee 13,224 
Oscillatoria Phormidium Stigonema Total Actinastrum Actinastrum 
1913 tenuis spp. sp. Schizophyceae hantzschii hantzschii (large) 
il! So) eee OSL DA i ere 14024. 5. tee ae 
1/ 8 1,200 SeSttresc ZOO! — Skala) Oe 
1/12 RR ey Eeewet Sete) | as decsehvctshcsr = _ een i Bester. 
Uj s} "eee ae : aes 
1/19 400 800 
1/22 800 3,200 
1/207 6S eee 26,848 27,248 
UO r Ger 800 2,000 
aif 2, 13,624 14,824 
2 Bt ee eee 400 2,800 
2/ 8 39,672 40,472 
2/12 26,448 26,448 
2/15 370,272 396,720 
2/19 92,568 94,168 
DZ). eee 238,032 277,704 
2/26 So 238,032 244,432 
3/1 3,200 79,344 85,744 
2) Si ee 158,688 211,584 
3/3 «AGS 318,976 318,976 
S04, eee ee si es wistesseacheaets 
B/E” © Recs 158,688 213,184 
3/19 1,600 238,032 318,976 
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TABLE 1—OrGANISMS PER CuBIC METER IN PLANKTON OF 
StocKToN CHANNEL IN 1913—(Continued) 


Oscillatoria Phormidium Stigonema Total Actinastrum 
tenuis spp. sp. Schizophyceae hantzschii 
1,600 (AS 2 een 80,944 52,896 
238,032 ees 290,928 1,600 
105,792 seteersiendeate PIONS O25 Vcceteee rae 
TSS/688in ent he 163,488 3,200 
185,136 ea 239 O32) 1 i eens 
158,688 ae 175,688 1,600 
6,400 Perr eacutant 11,200 deebivedaaeseve 
264,480 sieeenecereeee S22 hb | eee 
1,600 158,688 Pe eae 165,088 
deciesens 79,344 isdtaxeiebeee 185,136 
3,200 ah deci dvienaze 92,144 
Wiadeaeaedeatein Be er cerr Pes MERE CO CLOSESOAL 1,600 
TSP US) eeepecee Sedshin , idee 267,680 
1,600 GOO) Laem 14,400 
52,896 52,896 wren cs 160,288 
105,792 sicexeshe Cesc es SZONOTO" Vapor 
317,376 Sebisteeevenees ieteietseiss BEBYTTAD — ccrrearcecent 
3090) 370872 ee 
370,272 488/864 6,400 
105,792 SLOMLOL . neenrenes 
158,688 168,288 3,200 
ea dese es aenoul 1,391,296 105,792 
ee 884,736 3,200 
3,200 S50IS6"  Ayeaeasene 
3,200 Ee ee 4G 56S) aces 
105,792 wesaeeseihesse citroen 859,136 105,792 
3,200 158,688 cherie 1,226,208 3,200 
3,200 264,480 pstesveenees 1,886,560 y 
211/584 3.200 acs. 2,436,416 
bed cous : saat seeeseeeor® AWaeolseie 3,127,168 
12,800 1,559,584 
deauaivisevsc! || gu eenteaateosataee 2,164,240 
370,272 4,763,840 
Perce: |. seer 4,919,328 
sereen 2,648,002 
105,792 1,262,208 
eeasveres 2,750,602 
BES hod 1,543,584 
3,200 703,648 
Beet 1,114,016 
158,688 Terbect sees 1,391,296 
264,480 528,960 4,659,632 
3,200 Sab So shaidés as 1,666,376 
105,792 158,688 12,800 3,049,056 
Se ie 211,584 wastsehuseeasers 2,704,096 
Scussiaabsvansa 105,792 Weoreess eats 2,803,488 
3,200 PR Actes! Uasaceees awe 3,936,704 
BSH) MOS sv nree 8,046,592 
211,584 1,481,088 arte PLUIEASS 350) 
211,584 952,128 ras 8,198,880 
3,200 528,960 8,806,832 
esdtetietaeises 317,376 5,877,856 
anaes F 264,480 9,580,576 
52,896 1,163,712 9,309,696 
‘ 158,688 6,036,544 
sieaey 423,168 4,290,368 
he 105,792 3,550,432 
52,896 634,752 3,332,448 
6,400 581,856 2,446,016 
476,064 105,792 2,545,408 
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Actinastrum 
hantzschii (large) 


158,688 
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TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 
STocKTON CHANNEL IN 1913—(Continued) 


Oscillatoria 
tenuis 


370,272 


Coelastrum 
microporum 


Phormidium 
spp. 


105,792 
423,168 


52,896 
52,896 
1,600 
185,136 


Pediastrum 
boryanum 


Stigonema 
sp. 


Pediastrum 
duplex 
6,612 
400 
400 
400, 
1,200 
4,800 
400 
19,836 
13,224 
2/400 
5,600 
6,400 
11,200 
92,568 
26,448 
79,344 
3,200 
12,800 
12,800 
6,400 
22,400 
132,240 
9,600 
16,000 
9,600 
6,400 
79,344 
6,400 
6,400 
16,000 
1,600 
3,200 
16,000 


Total 
Schizophyceae 
1,110,816 
2,016,448 

370,272 
812,640 
1,699,072 
912,032 
793,440 
4,284,576 
2,063,144 
1,008,224 
1,388,496 
689,248 
347,024 
641,152 
297,328 
158,052 
260,668 
364,060 
264,880 
89,156 
“225,608 
145,464 


Pediastrum 
simplex 


"13,224 
~ 1,600 
1,600 


6,400 


3,200 


Actinastrum 
hantzschii 


Raphidium 


polymorphum 


132/240 
132/240 


131 


Actinastrum 
hantzschii (large) 
211,584 
105,792 
264,480 
211,584 


Richteriella 
botryoides 


~ 800 


132 
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TABLE 1—ORGANISMS PER CUBIC METER IN PLANKTON OF 
StTocKTON CHANNEL IN 1913—(Continued) 


Coelastrum 
microporum 


6,400 
158,688 
158,688 
105,792 
105,792 
211,584 
476,064 
211,584 
105,792 
211,584 
211,584 
105,792 
211,584 
423,168 
634,752 
528,960 
634,752 

1,005,024 
2,221,632 
2,697,696 
3,544,032 
1,163,712 
793,440 
264,480 
476,064 
423 168 
317,376 
158,688 
211,584 
52,896 
158,688 
12,800 
211,584 
158,688 
52,896 
52,896 
264,480 
79,344 
28,800 


Pediastrum 
boryanum 


6,400 
~ 6,400 
6,400 

~ 6,400 
3.200 

~ 105,792 
3/200 


Pediastrum 
duplex 
6,400 
3,200 
6,400 
105,792 
6,400 
19,200 
6,400 
12,800 
6,400 
12,800 
32,000 
158,688 
25,600 
6,400 
158,688 
317,376 
370,272 
793,440 
476,064 
1,005,024 
1,269,504 
793,440 
740,544 
634,752 
793,440 
740,544 
476,064 
264,480 
793,440 
423,168 
317,376 
211,584 
476,064 
105,792 
105,792 
634,752 
634.752 
687,648 
476,064 
423,168 
740,544 
1,851,360 
793,440 
952,128 
1,110,816 
1,798,464 
2,010,048 
1,533,984 
476,064 
740,544 
793,440 
$46,336 
528,960 
952,128 
158,688 
317,376 
6,400 
52,896 
238,032 


Pediastrum 
simplex 


105,792 
~~ 12,800 


Raphidium 
polymorphum 

79,344 
105,792 
1,600 
107,392 
108,992 
108,992 
158,688 
317,376 
264/480 
743,744 
211,584 
105,792 
317,376 
528,960 
634,752 
264,480 
3,200 
4,800 
108,992 
3,200 
264,480 
3,200 
6,400 
267,680 
3,200 
105,792 
323,776 
3,200 
264,480 
3,200 
105,792 
211,584 
6,400 
370,272 
479,264 
211584 
264,480 
264/480 
267,680 
211/584 
317,376 
317,376 
317,376 
370,272 
376,672 
171,488 


264,480 
317,376 

6,400 
370,272 
872,784 
423/168 
158.688 
105,792 
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Richteriella 
botryoides 
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TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 
Srockton CHANNEL IN 1913—(Continued) 


Coelastrum 
microporum 


6,400 


Scenedesmus 
obliquus 


2'591,904 


Pediastrum 
boryanum 


6,400 


Scenedesmus 
quadricauda 


2,539,008 


Pediastrum 
duplex 
32,000 
79,344 
52,896 
19,200 
19,836 
33,060 

400, 
13,224 
13,224 
39,672 
33,060 


Schroederia 
setigera 


105,792 


Pediastrum 


| Raphidium 
simplex 


na ne 79,344 
en 1,600 
Kea 105,792 

54,496 
59,908 
13,224 
53,296 
46,284 
13,224 
119,016 
85,956 


Selenastrum — Stigeoclonium 
bibraianum sp. 


polymorphum 


133 


Richteriella 
botryoides 


Ulothrix 
sp. 


134 
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TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 
Stockton CHANNEL IN 1913—(Continued) 


Scenedesmus 
obliquus 
1,957,152 
634,752 
423,168 
634,752 
370,272 
899,232 

1,110,816 
740,544 
158,688 
211,584 
211,584 
423.168 
528,960. 
105,792 
687,648 
317,376 
105,792 
158,688 


370,272 
264,480 
211,584 
423.168 
528,960 
423/168 
581,856 
476,064 
528,960 
476,064 
370,272 
687,648 
264,480 
528,960 
1,057,920 
740,544 
581,856 
1,057,920 
687,648 
687,648 
687,648 
793,440 
1,428,192 
687,648 
1,005,024 
158,688 
899,232 
476,064 
185,136 
290,928 
185,136 
158,688 
317,376 
16,000 
19,836 
99,180 
52,896 
66,120 
13,224 
26,448 
19,836 


Scenedesmus 
quadricauda 
2,697,696 
1,533,984 
1,110,816 
1,745,568 
2,909,280 
2,803,488 
2,803,488 
1,163,712 
370,272 
634,752 
476,064 
1,375,296 
952,128 
581,856 
1,005,024 
634,752 
899,232 
634,752 
581,856 
1,639,776 
899,232 
581,856 
1,110,816 


132,240 
178,528 
66,120 
99,180 
132,240 


Schroederia 
setigera 
317,376 
158,688 
3,200 
264,480 
264,480 
105,792 
105,792 
158,688 


~ 105,792 


“52,896 
52,896 


~ 105,792 
52,896 


105,792 

6,400 
105,792 
317,376 
317,376 


Selenastrum 
bibraianum 


Stigeoclonium 
sp. 


[ Vou. 22 


Ulothrix 
sp. 
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TABLE 1.—ORGANISMS PER CuBIc METER IN PLANKTON OF 
STocKTON CHANNEL IN 1913—(Continued) 


Total Asterionella Asterionella Amphiprora Bacillairia Cocconeis 
1913 Chlorophyceae gracillima — gracillima (large) alata paradoxa pediculus 
iy &) 19,836 707,484 See: F ex gs acGnsenines 6,612 
1/8 1,200 257,868 Bae 
1/12 400 528.960... 
1/15 1,600 2,254,692 19,836 ae : 
1/19 2,800 4,350,696 400 13,224 
1/22 40,660 740,544 ; : 46,284 
1/26 14.024 238,032. 
1/29 21,036 1,071,144 F 5 zeae ; 1,600 
OM?) 14,824 1,031,472 Fer et: 6,400 
2/ 5 32,448 985,188 re ; 13,224 
2/ 8 11,200 1,044,696 
2/12 13,600 251,256 . 52,896 
2/15 117,792 859,560 ; 26,448 
2/19 242,032 1,097,592 26,448 
2/23 93,368 370,272 800 : 
2/26 219,584 4,496,616 : . 1,600 
Sayfa 98,544 528,960 nts 3,200 d 
3/ 5 96,944 290,928 
3/ 8 27,200 132,240 
3/12 68,896 ‘ oe ; 
3/15 169,040 370,272 , 1,600 
3/19 279,280 132,240 5 1,600 
3/23 224,384 185,136 6,612 1,600 
3/26 32,000 158,688 Sond 
3/29 19,200 581,856 : . : 
4/2 28,800 79,344 Soecadcuaeaseee so 3,200 
4/ 5 196,336 105,792 5S 1,600 A010 Meee eee ea 
4/9 96,944 105,792 26,448 1,600 ‘ Menscs oh evescnessetnd 
4/13 25,600 16,000 1,600 1,600 3,200 
4/16 255,632 105,792 eds cr R STD iy, HeRtSRtEC ceca enn ci 
4/19 133,840 26,448 Seenuntbemiges sadist : 
4/23 375,072 132,240 saiewadeerensbsss © watieeeorSencee 
4/26 290,080 132,240 Duwstetawansctee Coe 
4/30 201,136 neato 
5/ 3 113,792 1,600 
By 7 145,040 502,512 ane ss bs gdobictedeeve, 0 Rosseste 
5/11 404,720 52,896 714,096 1,600 
5/14 432,768 105,792 264,480 spas : 
5/17 147,392 211,584 370,272 Bree SS Bee 
5/21 713,248 211,584 3,200 “x0 : : Dakaveoatoe 
5/24 1,873,760 12,800 a 3,200 : : whestbeades 
5/27 2,026,048 158,688 3,200 158,688 : seceettteaee 5 
5/31 5,834,560 : ; ae 3,200 ‘ 5 eee 
6/ 3 5,829,760 158,688 3,200 pocatecce eee ; css ORR Sec. 
6/ 7 5,116,416 105,792 : 
6/11 2,803,488 211,584 105,792 mae : 
6/16 1,091,744 423,168 423,168 3,200 
6/18 2,750,192 528,960 476,064 5 seats 
6/21 4,714,144 423,168 264,480 : > 
6/25 4,603,168 476,064 158,688 105,792 
6/28 4,399,968 634,752 264,480 3,200 
7/3 2,966,976 105,792 3,200 Bs ; 
Us TOON OPAR  oeeeceneco So sate sa enenes 3,200 
7/9 PA IECAOie a etc e eh Vonks 
7/12 PRIS SoS ean Maer er rere ammeter: 3,200 E 
7/16 3,080,768 12,800 
7/19 2,362,624 6,400 57,600 
7/23 1,811,264 
7/26 3,470,240 3,200 211,584 
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TABLE 1.—ORGANISMS PER CUBIC METER IN PLANKTON OF 
SrockTON CHANNEL IN 1913—(Continued) 


Total Asterionella Asterionella Amphiprora Bacillairia Coecconeis 
1913 Chlorophyceae gracillima — gracillima (large) alata paradoxa pediculus 
8/ 2 1,710,872 Mc diceess nek Rehan FE aaa a 2000) 9 ccateaes 
8/ 6 1,618,880 PPE NGere tee SEER eens 3,200 
8/9 1,612,480 aes : SeeeECO bs Lgedeanewceass : Le oeeeeckepts 
8/13 3,338,948 SeL00.) eee ans S eaereeaaeoeeens 6,400 
8/15 1,702,272 : ‘ : mcr ee ; weveetbe 12,800 
8/20 1,692,672 NOB OPA mecontsceoance = | ia a eth Te 
8/23 3,024,672 Avhesioeesy | | hsette Peete sunveees 25,600 
8/27 2,763,392 105,792 
8/31 2,538,988 25,600 
9/ 2 4,048,296 6,400 
9/ 6 O22 D280 | isastecins) | Siete aetna 6,400 
9/ 9 ByDOMEeOO. AN sce | aaeeeers 3,200 6,400 
9/13 6,410,016 3,200 6,400 
9/17 3,414,944 105,792 
9/20 3,085,784 52,896 52,896 
9/24 APASINGG4, 9 SeccteeteeesSic : 6,400 
9/27 3,880,608 52,896 52,896, 
10/ 1 5,137,312 pee 12,800 
10/ 4 AGS Si95 2) nd eeessancay Mecsas 32,000 
10/ 8 ASGOUG30, sxe 9) Sere 6,400 
10/11 4O80%448) Sele aessee Bas ettenencts Pe ate see : 
10/15 3,755,616 MEE eee cee 52,896 6,400 
10/18 2,591,904 Sit Rarae 7 eirecses : ; : 
10/22 3,312,352 aSieverniteesi ee eh; dee eeeess 105,792 6,400 
10/26 3,451,040 : pate Snes 52,896 : 
10/29 5,324,496 52,896 Foes eoeteee 12,800 
L/S: 4,191,584 wieeseeoeteset Le ecteae 105,792 sts: 
11/ 5 5,526,784 5289G.  atretiewsess T5e\6S8Sieees : 
11/8 1,851,968 Beets Ba eK AG Anseceacae ae Rat 
11/12 e285 OMe ; Hedvaateaes 1,600 
11/15 2,809,888 : oN. asd ehheneees 
11/19 1,441,592 79,344 79,344 1,600 ites : 
11/22 1,674,976 3,200 9,600 52,896 9,600 
11/26 $66,288 re aes E as 1600 eee bss 
11/30 1,009,824 Riocter co 1,600 Wei pesstes 6,400 
12/ 3 746,944 1,507,536 1,600 Guiness eae. 
12/ 6 491,216 1,401,744 52,896 1,600 52,896 
12/10 213,584 614,916 Sein eee 400 800 
12/14 372,272 198,360 390,108 39,672 19,836 
12/17 239,632 185,136 400 13,224 aacecudestaeeays 
12/20 331,800 105,792 saiidesitscsnsre 26,448 26,448 
12/24 121,016 $5056 aan 13,224 2/400 
12/27 299,140 59,508 sateen 33,060 800}: sce 
12/31 290,928 19,836 Recs Nee ‘ : 4:000°  o..neSASee 
Cyclotella Cymatopleura Cymbella Cymbella Cymbella Cymbella 
1913 spp. solea affinis cymbiformis parva sp- 
1/5 CVSS. See Meeeaslec ors 
1/8 LOG'5 92 eee 3 pogaeevtiatens 
1/12 SWS sensocece crn occen cones 
1/15 793,440 ; 
1/19 1,573,656 
1/22 449,616 
1/26 204,972 
1/29 257,868 
Hy 2) 158,688 
25 357,048 


2/8 304,152 
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TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 


Cyclotella 
spp. 
740,544 
1,150,488 
1,401,744 
886,008 
3,570,480 
5,210,256 
5,659,872 
1,613,328 
2,697,696 
1,110,816 
2,168,736 
2.724.144 
1,163,712 
925,680 
925,680 
2,459,664 
6,162/384 
3,570,480 
9,151,008 
10,684,992 
15,472,080 
15,286,944 
18,116,880 
20,391,408 
19,597,968 
32'610,384 
60,248,544 
43,216,032 
36,022,176 
35,704,800 
54,482,880 
53,001,792 
57,286,368 
60,195,648 
59,349,312 
38,508,288 
42,475,488 
34,646,880 
36,974,304 
51,362,016 
35,175,840 
14,281,920 
12,324,768 
16,768,032 
45,755,040 
24,279,264 
11,742,912 
17,349,888 
15,168,800 
14,916,672 
9,838,656 
10,790,784 
14,229,024 
6,770,688 
12,113,184 
14,440,608 
20,047,584 
21/898,944 
12/166,080 
12/166,080 


STOCKTON CHANNEL IN 1913—(Continued) 


Cymatopleura Cymbella Cymbella Cymbella 
solea affinis cymbiformis parva 
1,600 
cues seece 1/600 
3200 eee ale 
Gases 1,600 3,200 
Ppa anos aro 3300 
3,200 
1,600 
~ 3,200 
3,200 
1600, 9 eg 
mehateectwAves | fewaes 3360 eae 
“105,792  —-3,200 
Re ees CaCO 


Cymbella 
sp. 


~~ 800 
3,200 


~ 1,600 
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TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 


Cyclotella 
spp. 
12,166,080 
15,128,256 
14,493,504 
13,065,312 
14,757,984 
19,677,312 
21,687,360 
12,695,040 
18,090,432 
22,851,072 
20,788,128 
25,866,144 
28,246,464 
34,276,608 
31,853,392 
12,589,248 

9,203,904 
7,775,712 

11,240,400 
7,722,816 
7,061,616 
7,697,968 
6,692,944 
6,876,480 
6,955,824 
4,522,608 
1,970,376 
2,281,140 
2,499,336 
2,737,368 
1,283,128 
2,876,220 
1,838,136 


Cymbella 
tumida 


Stockton CHANNEL IN 1913—(Continued) 


Cymatopleura 


solea 


Diatom 
unidentified 


Cymbella 


affinis 


3,200 


Diatoma 
vulgare 


Cymbella 
eymbiformis 


Epithemia 
ocellata 


Cymbella 
parva 


Fragillaria 
capucina 
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Cymbella 
sp. 


Fragillaria 
crotonensis 
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TABLE 1.—OrGANISMS PER CUBIC METER IN PLANKTON OF 
STocKTON CHANNEL IN 1913—(Continued) 


Cymbella Diatom Diatoma Epithemia Fragillaria Fragillaria 
1913 tumida unidentified vulgare ocellata capucina crotonensis 
3/23 3,200 1,600 ete Sopusvers 3,200 
Peet psc teks, 1,600 ‘ : Se j 3,200 
a : oy : Pe ees 3,200 
4/2 i ne Oe tes ress 3200 
LU) (se, Ape ee saris : Be evvee eS See 1600). saeeeeees 
4/13 Hee Si soasives aaehinsa¥ensccei 3,200 sdgasdivenes ceed 
4/16 1,600 seedevttanone he, coer 1,600 
4/19 1,600 : ; Jaseteeee ae 
4/23 : 1,600 
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TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 
StocKTON CHANNEL IN 1913—(Continued) 


Cymbella Diatom Diatoma Epithemia Fragillaria Fragillaria 
1913 tumida unidentified vulgare ocellata capucina crotonensis 


Fragillaria Gomphonema Gomphonema Gyrosigma Gyrosigma Gyrosigma 
1913 sp. constrictum sp. acuminatum kiitzingii scalproides 


1920] 
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TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 
STOCKTON CHANNEL IN 1913—(Continued) 


Fragillaria 


Gomphonema Gomphonema Gyrosigma Gyrosigma Gyrosigma 

sp. constrictum sp. acuminatum kiitzingii scalproides 

1,600 a 

52,896 a 

3,200 eee 

Seo) | | Ste 3300 

‘ 3300 FeTTo CA 

3,200 

Se ge ner 3,200 

SSeaivis ESAs uC haretaeieen 0 iGmiedenenie 158,688 

Stuer, feet 6,400 Webseean ee see 264,480 

Pears Ces 3,200 

3,200 6,400 

ene 158,688 

dese 3,200 105,792 

eA ay, : a hateae 158,688 

ae : 6,400 105,792 12,800 

ceey pope oa: 64008 Ex 

Ss errs 6,400 6,400 

S200, GRR. ein eracee We scre ees 6,400 

we: Nee aes 105,792 

105,792 

: 0 PAE 52,896 

52,896 er soeaneees 
ae d : Sadisceeeee 25,600 

52,896 12,800 1 osabeeeaepees 

ae ae 6,400 6,400 

PAC Nayn Mitondiasrosio, ccacwbener. | | ebatamaccuecd 105,792 
EE ern es, aa 12,800 
SEDO ne cee ooscoreconn conemeaeri 12,800 
BECRAGESTEPOSED  Seepaerecetet  peectoortonese | ee 52.896 
3,200 vere kes 
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TABLE 1.—ORGANISMS PER CUBIC METER IN PLANKTON OF 


Fragillaria 
sp. 


Melosira 
granulata 


19,836 
26,448 
2,400 
13,224 
26,448 
1,322,400 
33,060 
125,628 
72,732 
204,972 
132,240 
145,464 
304/152 
542,184 
119,016 
476,064 
343,824 
132,240 
264,480 
158,688 
793,440 
1,031,472 
793,440 
476,064 
502,512 
502,512 
132,240 
634,752 
952,128 
872,784 
528,960 
2,274,528 
3,702,720 
449.616 
4491616 
343,824 
343,824 
581,856 
1,269,504 
1,163,712 
1,005,024 
1,375,296 
317,376 
634,752 


Gomphonema Gomphonema 
constrictum sp. 
sennlanasdl Paes 1,600 

400'  #kstantes 
13,224 400 
13°00 

Melosira Melosira 
granulata A Varians 
(small) 


185,136 
317,376 
211,584 


"317,376 


~ 238,032 
1,600 


211,584 
158,688 
105,792 
317,376 
105,792 
105,792 


SrocKkToN CHANNEL IN 1913—(Continued) 


Gyrosigma 
acuminatum 


Navicula 
affinis 


Gyrosigma 
kiitzingii 


Gyrosigma 
scalproides 


Navicula 
bacillum 


Navicula 
alpestris 


105,792 
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TABLE 1.—ORGANISMS PER CUBIC MSTER IN PLANKTON OF 


Melosira 
granulata 


528,960 
370,272 
1,322,400 
1,375,296 
634,752 
2,062,944 
7,617,024 
3,067,968 
1,005,024 
1,481,088 
2'697,696 
1,586,880 
2) 168,736 
1,428,192 
2,962,176 
2°539,008 
3,914,304 
3,385,344 
4,972,224 
10,314,720 
10,103,136 
5,342,496 
4,760,640 
6,083,040 
8,357,568 
7,828,608 
16,556,448 
10,420,512 
5,025,120 
8,251,776 
8,410,464 
15,604,320 
5,183,808 
8,145,984 
5,236,704 
8,040,192 
5,289,600 
7,828,608 
4,601,952 
4,654,848 
3,544,032 
2,750,592 
2,010,048 
1,798,464 
$99,232 
1,137,264 
1,005,024 
740,544 
978,576 
1,137,264 
1,084,368 
1,745,568 
1,057,920 
350,436 
257,868 
337,212 
370,272 
271,092 
588,468 
925,639 


StTocKkTON CHANNEL IN 1913—(Continued) 


Melosira 
granulata A 
(small) 


Melosira 


varians 


6,400 
6.400 


~3,200 


“2.400 


400 


800 
800 
26,448 
33,060 


Navicula 
affinis 


Navicula 
alpestris 


3,200 


6,400 


"105,792 
“6,400 
” 52,896 

105,792 


6,400 
52,896 


143 


Navicula 
bacillum 


211,584 
264.480 
211,584 


3,200 
158,688 
3,200 
3,200 


3,200 
105,792 


3,200 


105,792 

3,200 
158,688 
211,584 
105,792 

3/200 
211584 
158,688 
264,480 
370,272 
105,792 
105,792 


264,480 
158,688 


52,896 
211,584 


52,896 
264/480 
1,600 
105,792 
52,896 
52,896 
52,896 
1,600 
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TABLE 1.—ORGANISMS PER CUBIC METER IN PLANKTON OF 
StTocKkToN CHANNEL IN 1913—(Continued) 


Navicula Navicula 
dubia gracilis 


3,200 
264,480 
317,376 
264,480 

3,200 
3,200 
105,792 
211,584 


370,272 
211,584 

3,200 
423,168 
370,272 


Navicula 
sp. 


Navicula 
viridis 


Nitzschia 
acicularis 


5,289,600 
15,181,152 
20,999,712 
23,221,344 
11,055,264 
11,108,160 
13,752,960 
19,624'416 
14,969,568 
11,901,600 
11,108,160 
10,050,240 

4,984 576 

2,909,280 

4,866,432 

5,035,120 

4,125,888 

2,380,320 

6,982,272 

3,755,616 
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Nitzschia 
angularis 
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TABLE 1.—ORGANISMS PER CUBIC METER IN PLANKTON OF 
SvTocKTON CHANNEL IN 1913—(Continued) 


Navicula Navicula Navicula Navicula Nitzschia Nitzschia 
1913 dubia gracilis sp. viridis acicularis angularis 
8/ 2 6,400 264,480 ~—...... Piers ; $ Seeeeee Soop O44.) eee 
8/ 6 ¥s : 158,688 vesdeatacnsitszs weve 3,702,720 
8/9 3,200 264,480 sero th ccc sues 3,279,552 
13 nceeses oes 2,539,008 sedugecestterees Sdiciavesavastes 6,453,312 
15 952,128 Celceteeee e : 1,586,880 
/20 ; a. 1,269,504 Beate siticistacaests 634,752 
[23 saa 1,110,816 bE oeatncn oes : : 1,005,024 
PAE 3,200 793,440 : j 2,539,008 
SL ea Nae seaiss 1,322,400 aaa 4,760,640 
2 seers fat TEUGSilioin” Aetna Meeeen es oeeee PRO beenacaeceene 
6 3,200 846,336 A: S1090:928) ieee 
9/9 engines s $46,336 Pol SFKO))eeerccenaceaen 
9/13 ; Feces 476,064 sesateastseswee sits soos 1904 25 Gee 
9/17 sidecases avanee’ 370,272 Ee re eewne aise ke 2,010,048 
9/20 ; oe 846,336 ee Pe ee 2,750,592 
9/24 3 ease 899,232 Desersce : Heck . 3,332,448 
9/27 a 476,064 52,896. _  2°750,592 
10/ 1 : 528,960 See as tee Be fenseaniaaiees 3,120,864 
10/ 4 5 a 5 Seesstewissetts Wess ; 1,533,984 
10/ 8 Segdseneesexecus 52,896 otis eae perceere 1,745,568 
10/11 Sep: 264,480 sactistvsestssaay gaa tbaanes teva 1,904,256 
10/15 en was 158,688 steesantevds tees sebeieksctevehes 2,062,944 
10/18 : ‘ 158,688 eee coe tees ‘ 2 2210632 
10/22 52,896 52,896 eee : are oe 2,062,944 
soe! a 158,688 Daecebeesores didvacessdsenaes 1,163,712 
10/29 ee Beates 105,792 boleeersvsseiees cnet a 1,745,568 
eit si : Sin) tesetecysesee ees westhaisensvezees 1,322,400 
is Gy | RA eee Fe 1,005,024 
iS eee aes F we : 1,322,400 
11/12 Pr narrcecre 52,896 3,173,760 
Sos esac cod - Sections 1,851,360 
11/19 tceies Reis 79,344 a * 3,200 1,719,120 
11/22 Save sendeees. OSS 92 eee : Rebaete te esees 2,062,944 
11/26 md cei, Sa 2 OSA eeeee eee. ; Fagedacens estate 2,036,496 
11/30 Secacdsaseseesee 105,792 scpbasdasceevaes adeeeseseeetes 2,062,944 eeaeeeaieeseees 
12/ 3 Reaasersaseee tts ; 5 saecasstevseaves Tee F 1,163,712 Pere ore 
12/ 6 Pegetudsiisisiz 105,792 Rea Sree 3,200 1,666,224 3,200 
12/10 eee 19,836 ere reee Bacesctuavevese 568,632 ees 
WHA ee ey oe eee. cet 46,284 sac ee 416,556 
12/17 adcswcss 39,672 oe ee SOROS eran 
12/20 800 AGi2Q84 iste. | seems 138,852 
12/24 See 46,284 119,016 
12/27 j ere 66,120 Rrreees ~ 145,464 
12/31 Me bata te. 92,568 400 79,344 
Nitzschia Nitzschia Nitzschia Pleurostauron Stauroneis Stephonodiscus 
1913 sigma sigmoidea vermicularis parvulum phoenicenteron sp. 
o 
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TABLE 1.—ORGANISMS PER CUBIC METER IN PLANKTON OF 
StocKToN CHANNEL IN 1913—(Continued) 


Nitzschia Nitzschia Nitzschia Pleurostauron Stauroneis  Stephonodiscus 
sigma sigmoidea vermicularis parvulum phoenicenteron sp. 


ae 3,200 
800 Br 
mt 1,600 
1,600 
sees ses 
ogy : 
6,400 
6,400 
3.200 
6,400 
30010 | eee 
STO 0a 
400 
S500) eee 


1920] 


e 
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TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 


Nitzschia 
sigma 


6,400 
12,800 


sp. 


Nitzschia 
sigmoidea 


Synedra 
radians 


Nitzschia 
vermicularis 


6,400 
6,400 


6,400 
6,400 


19,200 


“12,800 
52/896 


6,400 
~ 1,600 


~ 3,200 


“800 


Synedra 
ulna 
132,240 
59,508 
66,120 
138,852 
198,360 
211,584 
257,868 
251,256 
152,076 
310,764 
132,240 
370,272 
436,092 
357,048 
317,376 
528,960 
581,856 
211,584 
238,032 
158,688 
370,272 
290,928 


STocKTON CHANNEL IN 1913—(Continued) 


Pleurostauron 
parvulum 


~ 105,792 
"52,896 


“52,896 
105,792 
52,896 


"52,896 
79,344 
52,896 


1,600 
105,792 
1,600 


~ 33,060 
26,448 


Total 
Bacillariaceae 

1,163,712 

452,016 

915,656 
3,275,140 
6,253,140 
2,858,572 

774,404 
1,761,992 
1,454,828 
1,948,328 
1,668,624 
1,656,200 
2,837,136 
3,641,776 
1,766,792 
5,049,120 
6,834,784 
6,621,600 
2,348,224 
3,206,608 
2,925,280 
4,263,892 


Stauroneis 
Phoenicenteron 


Closterium 
acerosum 


Stephonodiscus 


sp. 


Closterium 
rostratum 
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TABLE 1.—ORGANISMS PER CUBIC METER IN PLANKTON OF 
StocKTON CHANNEL IN 1913—(Continued) 


Surirella Synedra Synedra Total Closterium Closterium 
sp. radians ulna Bacillariaceae acerosum rostratum 
OE sys: ; aks cane 396,720 2,441,216 ee ce 
12,800 Chea als 105,792 2,567,808 Resta sideccae 
3,200 Pe Vas 264,480 Pate e = Aion cares ; 
: 370,272 332098082 clccome Lee 
3,200 ‘ j 185,136 (300/544 Se eee 


52,896 : ' 79,344 4,706,048 
ee : a : 396,720 = 11,142,608 
sate : wi susteennscaee 158,688 11,613,872 
ai 714,096 = 19,156,352 


3,200 i 132,240 19,654,816  ............ 
; i 132240 el 91204114 Se 
6,400. 5816856), ING2D41Gr ees eee 
NOS ONT yen, oars 
1,600... ¥ 132°240) eS4490'048r 0 ee 
Gid00l. eee 6874648 NOS 43501040 ne 
211,584 eevee. 2,010,048 49,630,352 
on 687,648 40,739,520 
19,200. 423,168 43,227,536 
25,600 ce... 1,957,152 74,204,992 


3200 1,110,816 75,971,456 
pve ins 846,336 82,633,152 
1,375,296 73,280,160 

1,110,816 72,582,912 
6,400. $99,232 55,939,872 
6,400. 1,110,816 66,023,808 
sr setth a Maer 476,064 51,797,984 
Sirus,  Gnovearnn ISSO Geran IgE 
3.200 cee. 2,856,384 74,338,080 
ee iss ose nonenos 
423,168 20,001,088 


6 00n eee 476,064 17,204,000 
Se £m 423168 24,761,728 
3,200 4,496,160 634,792 58,002,816 
me Ane 634,752 317,376 31,801,600 
3,200 581,856 528,960 16,675,040 
105,792 899,232 687,648 29,637,760 
6,400 423/168 528,960 23,495,424 
paneney 370,272 423168 23,354,240 
eee 634,752 423,168 18,159,328 6,400 105,792 
105,792 1,005,024 528,960 20,966,016 eereeeceonns 211,584 
6.400 2.750.592 20623944 39,059,648 3,200 423.168 
6,400 740,544 1,005,024 21,613,568 6,400 19,200 
6,400 846,336 952.128) 21815552) anne 105,792 
ASS ae 740,544 1,375,296 31,965,184 .......... 6,400 
12,800 2,115,840 1,375,296 39,987,680 ie 105,792 
6,400 1,481,088 1,322,400 29,588,064 211,584 
12800 634,752 2,539,008 36,761,024 264,480 
i eras 687,648 1,057,920 27,590,816 3,200 
158,688 740,544 1,533,984 25,372,384 6,400 
uae eg 687,648 687,648 26,731,680 105,792 
ad ae 952,128 $46,336 27,194,944 105,792 
19,200 1,639,776 793,440 37,535,264 52,896 
52/896 ‘1,322,400 423/168 30,415,200 6,400 
6,400 1,692,672 1,216,608 36,841,216 6,400 
52/8068) s1ES75\296)0 8 168754296) 22!3'710 171 ae 
19,200 1481088  1/216608 30908768 nau...) eee 
12,800 1,692,672 1,375,296 33,574,464 6,400 
158,688 1,269,504 2,803,488 35,802,496 52,896 


19,200 1,005,024 1,322,400 35,512,416 
FSO 1,269,504 846,336 37,370,176 
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TABLE 1.—ORGANISMS PER CUBIC METER IN PLANKTON OF 
StockToN CHANNEL IN 1913—(Continued) 


Surirella Synedra Synedra Total Closterium Closterium 
sp. radians ulna Bacillariaceae acerosum rostratum 
6,400 846,336 528,960 40,861,312 . : 

12,800 793,440 793,440 38,450,896 ws 105,792 
105,792 740,544 211,584 17,098,208 Sex . 
6,400 528/960 528,960 13,467,584 
6,400 634,752 264,480 195233;152 . 
1,600 1,243,056 476,064 17,409,184 ; 52,896 
eeteN ee ceee ass 158,688 105,792 10,962,272 5 ; : 
3,200 290,928 370,272 10,547,104 ‘ 6,400 
52,896 79,344 423,168 11,546,480 : F ae 
3,200 132,240 211,584 10,301,072 2 : 1,600 
3,200 158,688 396,720 10,874,080 1,600 
iaaessvagsxess j 79,344 925,680 12,398,464 . ; 1,600 
6,400 1,600 158,688 9,041,168 se : 3,200 
Set a 39,672 113,204 3,751,992 1,600 ce 
800 52,896 191,784 3,943,552 ; : een ee 
400 33,060 125,628 3,598,928 800 400 
4,000 52/896 370,272 3,976,400. Yee 
19,836 33,060 138,852 2,071,744 
46,284 46,284 621,528 4,627,788 is : : echo 
26,448 26,448 509,124 3,671,048 See sMeriteesnetse 
Closterium Mougeotia Staurastrum Straurastrum Total Total 
sp. sp. A sp. Conjugatae Algae 

paces ce sts : rw cutyees siseseae cena Be eae Peer ree 1,197,572 

400 Se ee : ae Die tewanasee sah 400 456,016 

Ee ot bo3-2 ; i haestict Se apiece 400 916,456 
weit veeess Re aes oes Preenere anes Pivsccveniseess 3,277,140 
BE can eee eats seehkepieets Roeder 6,283,188 

er ens SOO Rae 21,036 2,923,468 

Siete 2. : one ieee 800 816,476 

BUR | arse weoners ; 1,785,028 

eR Peocrac,” | Medaiteaccuetcats 1,484,476 

Sheba tisesaee ste 1,963,576 


1,600 1,721,896 

pee ee +) eae ae 800 1,697,048 
SOO. annie a ee nau: 1,600 3,354,048 

aie te 1G00% 9 eee 1,600 3,979,576 
SO0k eee 800 2,138,664 

Pat. | eer een 255TH 

7,021,272 
6,930,128 
2,694,400 
3,275,504 
3,307,504 
4,551,808 
4,572,420 
kn Wa 2,764,144 
wee 2,697,600 
1,600 2,537,312 
See ie eee esha 6,400 3,652,176 
oe ELON metieeenes mee ce ener tos a'7G3 94176 
a. 4,742,848 

ee, eos 
me 11,912,800 
3,200 19,719,760 
3,200 20,040,240 
prrte 19,407,184 


150 


University of California Publications in Zoology 


TABLE 1—ORGANISMS PER CUBIC METER IN PLANKTON OF 
Stockton CHANNEL IN 1913—(Continued) 


Closterium Mougeotia Staurastrum Straurastrum Total 

sp. sp. A sp. Conjugatae 
3,200 

9,600 

6,400 

3,200 

108,992 

112/192 

6,400 

6,400 

3,200 

9,600 

9,590 

6,400 

Jigudssighaeeer | nianiheaeeee Reese 112,192 

en conan 158,688 158,688 528,960 
846,336 3,200 1,275,904 

846,336 875,136 

ATGi\0G4,  ieeeeree 581,856 

370,272 ASE 634,752 

264,480 3,200 274,080 

ATGiOG4: — Niscetvacsest 581,856 

1,745,568 FoteheawheteNin, buh wear eees 1,967,352 
1,639,776 105,792 2,013,248 

264,480 6,400 274,080 

158,688 d A) neces 165,088 

Nit y 158,688 6,400 lines 270,880 
Pov rcarncec Meta ere 105,792 

ayy 211,584 52,896 317,376 

Les 52,896 52,896 ee 112,192 
Secu 12,800 ed 1,263,104 

wees : 6,400 Pree 6,400 

52,896 105,792 52,896 211,584 

52,896 6,400 zs 72,096 

105,792 52,896 211,584 

52,896 52,896 165,088 

te aes 12,800 19,200 

52,896 52,896 

52,896 158,688 

12,800 12,800 

Leeeeeeteae Fee 1,600 1,600 
1,600 1,600 9,600 

1,600 ere 1,600 

1,600 3,200 


[ Vou, 22 


Total 
Algae 
22,003,888 
21,327,392 
34,986,656 
64,188,448 
50,101,520 
41,832,640 
45,590,160 
76,558,011 
82,083,296 
89,857,408 
79,290,912 
76,248,736 
57,502,784 
69,738,928 
57,741,536 
60,357,056 
81,289,856 
56,258,752 
22,693,888 
21,500,080 
31,667,000 
66,012,512 
36,812,226 
19,758,102 
35,865,002 
26,959,264 
25,771,960 
21,004,416 
24,498,752 
48,334 132 
25,866,952 
27,142,336 
29,838,048 
37,911,936 
47,045,228 
43,650,304 
55,138,336 
41,621,056 
40,754,320 
36,295,360 
39,967,096 
51,644,000 
50,444,544 
47,584,896 
30,570,496 
39,120,434 
40,825,920 
42,368,000 
39,380,224 
42,718,176 
44,788,416 
44,852,512 
23,147,552 
20,024,992 
13,931,456 
27,145,248 
15,993,992 
13,059,416 
14,611,552 
11,859,808 
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TABLE 1.—ORGANISMS PER Cubic METER IN PLANKTON OF 


Closterium 
sp. 


Total 

Chlorophyll 

bearing 
1,197,572 
456,016 
917,256 
4,255,716 
7,257,952 
3,024,248 
1,059,168 
2,079,556 
1,513,724 
2,157,088 
2,259,656 
1,950,704 
3,675,424 
5,542,136 
2,528,560 
6,268,080 
7,113,336 
7,019,072 
2.755,296 
3,322,000 
3,488,592 
4,599,504 
4,686,212 
3,117,568 
3,179,968 
2,697,600 
3,666,576 
7,647,576 
4,755,648 
12,156,384 
11,976,896 
20,939,568 
20,254,224 
19,542,624 
22,294,816 
21,378,688 
35,355,328 
64,300,640 
50,683,376 
42,053,824 
45,854,640 
77,086,976 
83,517,888 
90,601,152 


StTocKTON CHANNEL IN 1913—(Continued) 


Mougeotia Staurastrum Straurastrum Total Total 
sp. A sp. Conjugatae Algae 
me 1,600 12,232,528 


6,400 a : 8,000 13,796,160 

: : weasoree 3,200 9,832,912 
21,336 4,144,964 

: 4,602,940 

1,200 4,230,268 

Bc feeciceec ste seve ‘ ees : ee 4,599,528 
Rasnes ; 400 Seenrcece 400 2,282,716 
400 th Sesvegraitesss ike sass 400 5,153,036 

: Sah sdbeesteenszdses 4,127,276 


Ceratium Cercomonas Cerecomonas Chlamydomonas Chromulina 
hirundinella crassicauda sp. sp. sp. 


Reeves) (aR en) AT DRIOER 
eee a em 423,168 
eee ic eae 79,344 
te wage 1,600 
semen ests ae 


ase 317,376 
“ap 3,200 264,480 
aged 1,322,400 

105,792 
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TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 
Stockton CHANNEL IN 1913—(Continued) 


Total 
Chlorophyll 
bearing 

80,295,936 
77,356,352 
58,996,672 
71,136,624 
58,441,984 
61,801,248 
83,154,016 
59,196,832 
24,657,440 
24,516,656 
37,862,232 
71,364,608 
43,853,794 
23,044,054 
44,063,882 
31,213,344 
30,601,496 
25,992,640 
27,411,232 
56,819,882 
32,637,640 
37,612,544 
38,727,776 
46,325,600 
58,364,972 
58,853,856 
71,957,264 
64,266,944 
62,388,784 
57,307,872 
49,541,272 
59,108,736 
55,149,632 
59,909,664 
37,200,696 
45,580,140 
47,708,800 
46,335,128 
45,833,536 
48,536,736 
49,760,640 
52,006,272 
31,041,856 
25,526,176 
20,151,680 
40,772,368 
23,200,648 
18,674,392 
20,426,064 
14,403,616 
15,549,728 
16,574,800 
11,905,456 

5,169,854 

5,796,300 

5,633,212 

5,321,200 

3,422,780 

6,502,284 

5,146,724 


Ceratium 
hirundinella 


Cercomonas 
crassicauda 


Cercomonas 


264,480 
1,533,984 
370,272 
423'168 
211,584 
158,688 


Chlamydomonas 
sp. 


370,272 
687,648 
105,792 


[ Vou. 22 


Chromulina 
sp. 
105,792 
211,584 
899/232 
634,752 
370,272 
581,856 
740,544 
1,428,192 
634,752 
2,486,112 
4,919,328 
5,183,808 
6,929,376 
3,173,760 
7,299,648 
3,279,552 
3,967,200 
3,226,656 
1,481,088 
6,347,520 
4,231,680 
6,876,480 
6,770,688 
5,289,600 
5,554,080 
7,722,816 
10,579,200 
11,531,328 
13,224/000 
17,825,952 
5,977,248 
6,559,104 
9,785,760 
9,151,008 
5,342,496 
4,813,536 
4,549,056 
2,539,008 
5,395,392 
4'813,536 
4,231,680 
6,612,000 
7,299,648 
5,448,288 
5,977,248 
12/906,624 
6,347,520 
5,104,464 
5,210,256 
2,089,392 
2,856,384 
2221632 
1,957,152 
806,664 
859,560 
932,292 
621,528 
932,292 
971,964 
641,364 


1920] Allen: Plankton of the San Joaquin River 153 


TABLE 1.—OrGANISMS PER CuBIc METER IN PLANKTON OF 
Stockton CHANNEL IN 1913—(Continued) 


Cryptomonas Dinobryon Eudorina Euglena Euglena Flagellate 
1913 sp. sertularia elegans deses viridis unidentified 


105,792 
3,200 
105,792 


vane 370,272 
OR 423'168 


154 


Unwersity of California Publications in Zoology 


TABLE 1.—OrGANISMS PER CuBIC METER IN PLANKTON OF 


Cryptomonas 
sp. 


~ 317,376 
~ 476,064 
158,688 
105,792 


"211,584 


105,792 
79,344 
185,136 
185,136 
132,240 
52,896 
1,600 
66,120 
400 
99.180 
26,448 
59,508 
66,120 
112,404 


Hemidinium 
nasutum 


StTocKTON CHANNEL IN 1913—(Continued) 


Dinobryon 
sertularia 


Mallomonas 
sp. 


Eudorina 
elegans 


Pandorina 
morum 


Euglena 
deses 


Peridinium 
ecinctum 


Euglena 
viridis 
105,792 
476,064 


158,688 
158,688 


158,688 

52,896 
105,792 
105,792 


Peridinium 
sp. 


[ Vou. 22 


Flagellate 
unidentified 


Phacus 
pleuronectes 
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TABLE 1.—OrGANISMS PER CuBICc METER IN PLANKTON OF 


STOCKTON CHANNEL IN 1913—(Continued) 


Hemidinium Mallomonas Pandorina Peridinium 
nasutum sp. morum cinctum 


423/168 
1,005,024 
3,200 


317,37 
3,200 


~ 105,792 


2,168,736 
1,533,984 
2,380,320 
4,125,888 
4,178,784 
ES GOS 0u ee ee 


Peridinium 


sp. 


Phacus 
pleuronectes 


"158,688 
211,584 
~ 158,688 
3,200 
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TABLE 1—ORGANISMS PER CuBICcC METER IN PLANKTON OF 
StrockTon CHANNEL IN 1913—(Continued) 


Hemidinium 
nasutum 
9,679,968 
7,617,024 
2,221,632 
2,433,216 
528,960 
3,861,408 
2,168,736 
528,960 
317,376 
1,481,088 
264,480 
211,584 


Platydorina 
caudata 


Mallomonas 
sp. 


Pleodorina 
californica 


Pandorina 
morum 


Pteromonas 
sp. 


Peridinium 
einctum 


105,792 


52,896 


Peridinium 
sp. 


[ Vou. 22 


Phacus 
pleuronectes 


Spondylomorum 
quarternarium 


Synura 
uvella 


211,584 
52,896 
370,272 


Trachelomonas 
euchlora 
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TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 
STOCKTON CHANNEL IN 1913—(Continued) 


Platydorina Pleodorina Pteromonas Spondylomorum Synura Trachelomonas 
1913 caudata californica sp. quarternarium uvella euchlora 


~ 158,688 
~ 158,688 
32,000 


3,200 
105,792 


~ 158,688 
3,200 


52,896 
52/896 
1,600 
1,600 
1,600 


1,600 
476,064 
52,896 
1,600 
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TABLE 1.—ORGANISMS PER CUBIC METER IN PLANKTON OF 
SrocKkTON CHANNEL IN 1913—(Continued) 


Platydorina Pleodorina Pteromonas Spondylomorum Synura 
caudata californica sp. quarternarium uvella 


Trachelomonas Trachelomonas Total Amoeba Amoeba 
sp. volvocina Mastigophora proteus radiosa 


ee aa 19,836 
aoe ba 39,672 
400 400 
ap ern 19,836 
ie eante 19,836 
DEN TR SNE 400 
00 39,672 
00 
800 


Bet aes 39,672 
cove a 1,600 
Pen 52,896 
Pane 79,344 
pe erer, a 52,896 
ae tare: 52,896 
sue 79,344 

cee 52,896 
Se 1,600 
alata 52,896 


1,600 


[ Vou. 22 


Trachelomonas 
euchlora 


400 


Arcella 
vulgaris 
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TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 
STOCKTON CHANNEL IN 1913—(Continued) 


Trachelomonas Trachelomonas 
sp. volvocina 


~ 105,792 


79,344 


264,480 
211,584 
105,792 
264,480 
ae 211,584 
ee 317,376 
ane 687,648 
ae 793,440 
ire 423,168 
264,480 
Sots 158,688 
687,648 

1,005,024 

ve. 1,057,920 
ae 264,480 
iss 264,480 
476,064 


687,648 
793,440 


211,584 
158,688 
502,512 
476,064 
158,688 
158,688 


Total 

Mastigophora 
135,440 
290,928 
52,896 
370,272 
112,192 
581,856 
221,184 
264,480 
532,160 
1,540,384 
746,944 
1,005,024 
1,110,816 
1,497,088 
1,503,488 
700,448 
1,447,392 


6,780,288 
10,473,408 
8,892,928 
8,519,456 
11,319,744 
15,203,552 
16,824,128 
22'645,888 
21,634,464 
21,012,512 
9,574,176 
7,464,736 
14,705,088 
12/377,664 
6,630,200 
6,459,712 
6,935,776 
4,020,024 
6,453,312 
5,818,560 
5,025,120 
7,259,552 
8,052,992 
5,606,976 
6,373,120 
13,865,152 
7,365,344 
5,667,872 
5,814,512 


Amoeba 
proteus 


Amoeba 

radiosa 
1,600 
79,344 
1,600 
1,600 


“1,600 


3,200 


~~ 3,200 


158,688 
105,792 


Rae ae 
~ 158,688 
211,584 


"52,896 
"211,584 
476,064 


370,272 
264,480 


Arcella 
vulgaris 
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TABLE 1—ORGANISMS PER CuBIC METER IN PLANKTON OF 


SrocKTON CHANNEL IN 1913—(Continued) 


Trachelomonas Trachelomonas 
sp. volvocina 
211,584 
264,480 
449,616 
105,792 
112,404 
330,600 
370,272 
59,508 
132,240 
297/540 
284/316 


Difflugia Difflugia 
corona pyriformis 


13,224 


1,600 
158,688 
211,584 
423/168 
211,584 
317,376 
952,128 
370,272 

1,322,400 


Total 
Mastigophora 
2,543,808 
3,317,200 
2,780,240 
2,072,544 
1,024,860 
1,219,808 
1,429,392 

748,120 
1,140,464 
1,349,648 
1,039,284 


Hyalodiscus 
sp. 


Amoeba 
proteus 


Hyalosphenia 
cuneata 


Amoeba 
radiosa 


[Vou. 22 


Arcella 
vulgaris 


Hyalosphenia 
papilio 


Microgromia 
socialis 


79,344 
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TABLE 1—OrGANISMS Per Cuspic METER IN PLANKTON OF 


Stockton CHANNEL IN 1913—(Continued) 


Difflugia 
corona 


Difflugia 
pyriformis 
740,544 
158,688 
423,168 
158,688 
19,200 
581,856 
eee 581,856 
ete ed 105,792 
211,584 
264,480 


3,200 


~ 264,480 


3,200 


~ g00 


Hyalodiscus 


sp. 


3,200 
3,200 


~ 158,688 
105,792 
52,896 


~ 634,752 
370,272 
52,896 


~ 132,240 
158,688 
1,600 


“1,600 


Hyalosphenia 


cuneata 


Hyalosphenia 


papilio 
3,200 


161 


Microgromia 
socialis 


3,200 
3,200 


"3,200 
3,200 


3,200 
105,792 
~ 3,200 


~ 105,792 


~ 3,200 


~ 105,792 
52/896 
52/896 


"211,584 


"211,584 
52/896 
105,792 
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TABLE 1.—ORGANISMS PER CUBIC METER IN PLANKTON OF 
Stockton CHANNEL IN 1913—(Continued) 


Nebela Trinema Total Actinophrys Heterophrys Heterophrys 

1913 sp. sp. Rhizopoda sol. fockei sp. 
1/15) 

1/8 

1/12 

1/15 

1/19 

1/22 

1/26 

1/29 

2/ 2 

2/ 5 

2/8 

2/12 

2/15 

2/19 

2/23 

2/26 

ey, il 

3/ 5 

3/ 8 

3/12 

3/15 

3/19 

3/23 

3/26 

3/29 

4/ 2 

4/ 5 

4/9 

4/13 

4/16 

4/19 PE METTOON ate attests Aeris 
A283 eee 163,488 
4/260 ete eee 238,032 
AVON Ceres noeer 107,392 
5/3 82,844 
5/ 7 3,200 
5/11 161,888 
5/14 211,584 
5/17 429,568 
§/21 214,784 
5/24 317,376 
5/27 955,328 
5/31 781,856 
6/ 3 1,533,984 
(W/Z 746,944 
6/11 165,088 
6/16 Ae 423,168 
GAS Seen ei 0 she hee 161,888 
O/ 21 eee ses a 22,400 
6/25 El, Strate ee 581,856 
6/28) see Baye "Wiis. oto eentes 581,856 
Uj kta ate Ipanema) erpcee te re 105,792 
Uiebw~e ate ss: ae 224,384 
7/9 6,400 270,880 
GMD rte ene meee 3,200 
7/16 105,792 112,192 
7/19 3,200 6,400 
7/23 ALAR 105,792 
7/26 3,200 267,680 
BOW one ees cece 3,200 
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TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 
STOCKTON CHANNEL IN 1913—(Continued) 


Nebela Trinema 
sp. sp. 
~ 105,792 
105,792 


"158,688 


~ 105,792 
~~ 3,200 


211,584 
211,584 


Nuclearia Pinaciophora 


simplex fluviatilis 


Total 
Rhizopoda 


108,992 
846,326 
317,376 
161,888 
168,288 
112,192 
264,480 

3,200 

9,600 
115,392 

3,200 
267,680 
323,168 
158,688 
158,688 
264,480 
264,480 
211,584 
370,272 
370,272 


1,163,712 
581,856 
858,524 
381,856 
323,776 


~ 137,040 
158,688 


Raphidiophrys 
elegans 


Actinophrys 
sol. 


105,792 
581,856 
52,896 


Total 
Heliozoa 


Heterophrys 
fockei 
528,960 
105,792 
317,376 
105,792 
211,584 


211,584 
211,584 


158,688 
264,480 
158,688 
6,400 
52,896 
52,896 
105,792 


Askenasia 
elegans 
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Heterophrys 
sp. 


sp. 


164 


University of California Publications in Zoology 


TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 
Stockton CHANNEL IN 1913—(Continued) 


Nuclearia Pinaciophora Raphidiophrys Total Askenasia 
simplex fluviatilis elegans Heliozoa elegans 


OTN saseet evn 
1,600 
503306 en 
1,600 
OYE an naeiees 
5206 tle 
esas 132,240 
ioe Onin 211,584 
158,688 
acter 3,200 
einer 1,216,608 
3,200 
cae 740,544 
etl are rt ocean 1,005,024 1,005,024 
tere oo 400 mEeS 22400 
ihe a ieee 158,688 158,688 
see 264,480 264,480 
Ce eat scommeenitoao 
ay: ay ae ees 740,544 740,544 
ae fiat YS eed 793,440 793,440 
6,400. at: 528,960 528,960 
Ne pg 18 no OES 846,336 $46,336 
Bik ete 158,688 158,688 
HOW —— ccasvrronrene 528,960 528,960 
ae SS en UE 370,272 370,272 
GR ee Eee 317,376 317,376 
et Fe Oe 370,272 370,272 
Aeon gs Qual nes ce 370,272 415,072 
te recor 0cee roses 
= ie Se eianes 264,480 370,272 
fa an eae 423/168 740,544 
158,688 ............... 1,745,568 1,851,360 
6 et Ie 528,960 952,128 
ee rs peace 317,376 317,376 
ee) i  aesee'ss0) eksa0r0so 
SIO00) | Suen 105,792 108,992 
ee Pec) dis earek 687,648 687,648 
S00) a pees 211,584 211,584 


[ Vou. 22 


Bursaria 
sp. 
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TABLE 1.—ORGANISMS PER CUBIC METER IN PLANKTON OF 


STocKTON CHANNEL IN 1913—(Continued) 


Nuclearia 


Pinaciophora 
simplex 


fluviatilis 


423,168 

52,896 
476,064 
370,272 
317,376 
370,272 
476,064 
105,792 


“105,792 


Ciliate 
sp. unidentified 


Raphidiophrys 


elegans 


~ 3,200 


Re Oe 
OME Or: 


~ 400 


Coleps 
hirtus 


Total 
Heliozoa 


3,200 


211,584 
211,584 
211,584 

52,896 
264,480 
158,688 
429,568 
105,792 
528,960 
581,856 


1,600 
54,496 
398,320 
1,600 
52,896 


400 


Colpoda 
sp. 


400 


Askenasia 
elegans 


Cyclidium 
sp. 
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Bursaria 
sp. 


Didinium 
nasutum 
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TABLE 1.—ORGANISMS PER CUBIC METER IN PLANKTON OF 


SvTocKTON CHANNEL IN 1913—(Continued) 


Ciliate 
unidentified 


Coleps 
hirtus 


Colpoda 
sp. 


Cyclidium 
sp. 


264,480 
105,792 
105,792 
158,688 

52,896 
211,584 


[ Vou. 22 


Didinium 
nasutum 
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TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 
STocKTON CHANNEL IN 1913—(Continued) 


Chilodon Ciliate Coleps Colpoda Cyclidium Didinium 
1913 sp. unidentified hirtus sp. sp. nasutum 
QUIS Teen ceskecccoyeeeee) © ceebeeuesupare) eases 158,688 
10/22 : 
10/26 Siensisti) 0 G@areaeiet 
10/29 264,480 —..... 
Tlalyf al 105,792 i... 
/e5 és 
IU/L PAS Rape hie Asiaversaesty te’ 1,600 eebersaeeacseese rene , 32,000 
11/15 Rese tasteseaeeai dieses feueeceetaneel MMR Sones : weyeeaete , 19,200 
11/19 Meseeetecat rite rf vas Sisvasneneseenys Beasuasavaeslsere mab eseeussin ster 1,600 
11/22 osees ene : Peeves Sette “ee aie eee are : 
WW cosetercecaees 
NEU SOUMM sects aeyetviciwecsec: | sresedsisescsegg. © vets eves 
12756 22,400 Sess sf Ms re ee 3,200 
12/10 savdesWesiansuss ecctetyacdacsoee 9 Nesccsvevsers wectsutevene couee 
12/14 Rsereieeeeiseoss a : 132,240 
PAA, Teeter hewis sees 119,016 
12/20 dativaviecseweee ire 5 66,120 
WOM ZA Mllare 2 19,836 
12/27 AQQ I sasescsiscses 
ZOE a re ceckretm | (auscwseusdyrtite. > Werscasrsttese © aaittesieeivscico)  geasscasetremncs 
Enchelys Euplotes Euplotes Frontonia Halteria Hastatella 

1913 sp. harpa patella sp. grandinella radians 
1/5 

1/8 

1/12 

T/ls\ aeeceie ree 1,600 

Wie) = eee 13224 i 

WYP eee sen 11,200 : er: i bias : 

1/26 A ones eeees 19,836 cea deveeseastess as : 52,896 

IPAS 5 eas ener 33,060 ¢ 08 ; ; 46,284 : 
Dini Soci seocseies 13,224 : s : Pere 800 Seeks 

2/5 Beets civiesves 26,448 : : 800 1,600 
2/8 eae 16,000 800 : 4,800 occa : 
QHD a iteszesssse ieee 39,672 Sacer Seen 1,600 x 

2/15 Mien serie es 158,688 52,896 4,800 52,896 
2/19 Seoscp nog Aete 145,464 52,896 3 1,600 1,600 
2/23 1,600 132,240 66,120 ee 3,200 1,600 
2/26 ee cwiceeniraeie? 132,240 105,792 3,200 3,200 
yf al Pee receee 317,376 52,896 : : 105,792 12,800 
SHeOle Spas ease 6,400 eae - 52,896 : 
3/8 signthenscdess 158,688 3,200 . : 3,200 

3/12 Reeciutunetewss 79,344 1,600 158,688 ee 

3/15 Bue. Seto 158,688 12,800 ; 3,200 

HAL GEO eanccees. oa: 370,272 ; : eee He ieee 

Sy/eaay, | i aeenesesrens H 264,480 9,600 aes 9,600 

3/26 siecle eomcocen 79,344 Sia vewngases Seetksteacee saaiee : mee 

3/29 : Bia PANO) — Eeeescocer , ah eee, 

4/ 2 Rouse: 70,400 3,200 aoe ee : : : 

4/5 oth eoobee Steen 211,584 9,600 slesbexanneateens 105,792 Statbst 
GUN Serie ee co 132,240 ‘ ar Na ae nth sen Fe rant 6,400 
4/13 Pomme sesesits 25,600 sere : ; ae : : 9,600 
4/16 Ruducepeauakees eee : steed RN ace Cece 9,600 
4/19 Se erececee 6,400 sretecissteeaes : Lestat olsen tasse 105,792 
4/23 ot Pee Retasawea |. qretieeet REA gE MS ocr Pucissvecesceese 1,600 
LORS = | Sophia oars 1,600 Se Waren sere eer Bee era 


168 


University of Californa Publications in Zoology 


V'ABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 
StocKkToN CHANNEL IN 1913—(Continued) 


Enchelys Euplotes Euplotes Frontonia Halteria 
sp. harpa patella sp. grandinella 


[Vou. 22 


Hastatella 
radians 


i 
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TABLE 1.—OrGANISMS PER Cuspic METER IN PLANKTON OF 


StTocKTON CHANNEL IN 1913—(Continued) 


Enchelys Euplotes 

sp. harpa 

pA ce oes 28,800 

52,896 
9,600 
; 12,800 

33,060 800 

Holophrya Loxophyllum 
sp. sp. 


105,792 
132,240 
158,688 
290,928 
211,584 

3,200 
185,136 
79,344 
211,584 
105,792 
211,584 
105,792 
132,240 
79,344 
105,792 

1,005,024 
105,792 


Euplotes 
patella 


Paramecium 
aurelia 


Frontonia 
sp. 


Paramecium 
bursaria 


Halteria 
grandinella 


Paramecium 
caudatum 
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Hastatella 
radians 


Pleuronema 
sp. 
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TABLE 1—OrRGANISMS PER CUBIC METER IN PLANKTON OF * 
Stockton CHANNEL IN 1913—(Continued) 


Holophrya Loxophyllum Paramecium Paramecium Paramecium Pleuronema 

1913 sp. sp. aurelia bursaria caudatum sp. 
6/ 7 en ore 
6/11 158,688 
6/16 3,200 
6/18 3,200 
6/21 3,200 
6/25 3,200 
6/28 158,688 
7/3 3,200 
eo 158,688 
7/9 211,584 
7/12 3,200 
7/16 6,400 
UM eco ee A 
i233) eee ences 
7/26 211,584 
7/30 105,792 
8/ 2 105,792 
8/ 6 105,792 
8/ 9 740,544 
8/13 634,752 
8/15 317,376 
8/20 105,792 
8/23 158,688 
8/27 105,792 
8/31 3,200 
9/ 2 3,200 
9/ 6 317,376 
9/ 9 211,584 
GUTS) | Se eee 
9/17 3,200 
9/20 370,272 
9/24 158,688 
9/27 211,584 
10/ 1 211,584 
10/ 4 52,896 
10/ 8 423168 
10/11 105,792 
10/15 105,792 
10/18 105,792 
10/22 370,272 
10/26 52,896 
10/29 Teese 
iby il 52,896 
iy! & 52,896 
11/ 8 52,896 
11/12 52,896 
11/15 eee 
11/19 105,792 
11/22 79,344 
11/26 Sects deencbsts 
11/30 238,032 
12/ 3 79,344 
12/ 6 1,600 
ANOS, a! cereceeces a 
12/14 

12/17 

12/20 

12/24 

12/27 
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TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 
Stockton CHANNEL IN 1913—(Continued) 


Prorodon Stentor Stentor Tintinnidium Trachelius Trichodina 
sp. coeruleus niger fluviatile ovum pediculus 
800 6,612 
400 1,200 
1,200 2,000 
33,060 26,448 
52,896 39,672 
72,732 112,404 
132,240 515,736 
26,448 158,688 
seaeadves sass 33,060 
400 39,672 
vanveeeattes 11,200 
1,600 66,120 
8,000 39,672 
800 52,896 
1,600 105,792 
egvacees feseees 67,200 
12,800 158,688 
srhaseaerstecre 185,136 
Saas 158,688 
105,792 608,304 
was ue 35,200 
211,584 
238,032 
132,240 
79,344 
22,400 
28,800 
wets ee 6,400 
ores 105,792 
ithe 41,600 
6,400 54,400 
3,200 211,584 
hoes : 19,200 
6,400 105,792 
oe ne 25,600 
Seerereeaee 105,792 
211,584 


~ 6,400 
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TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 


Prorodon 
sp. 


~ 52,896 
"52,896 
6,400 

~ 6,400 
12/800 


52,896 
6,400 
12,800 
3,200 
132,240 
9,600 
1,600 
33,060 


Vorticella 
longifilum 


Stockton CHANNEL IN 1913—(Continued) 


Stentor 
coeruleus 


Stentor 
niger 


32,672 
165,300 
2,400 
46,284 
66,120 


Vorticella 
sp. 


158,688 
7,200 
400 
39,672 


Total 

Ciliata 
7,412 
1,600 
4.000 

63,108 


85,272 
284/104 


Tintinnidium > 


fluviatile 


~ 264,480 
25,600 


158,688 
211,584 
12/800 
6.400 
158,688 
"6,400 
105,792 

~ 158,688 


Acineta 
sp. 


Trachelius 
ovum 


Podop 
sp 


hrya 


[ VoL. 22 


Trichodina 
pediculus 


Sphaerophrya 
sp. 
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TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 


Vorticella 
longifilum 


1,600 


STocKTON CHANNEL IN 1913—(Continued) 


Vorticella 
sp. 


1,600 
79,344 
528,960 
687,648 
396,720 
396,720 
1,533,984 
1,692,672 
740,544 
1,428,192 
1,163,712 
1,322,400 
1,428,192 
2,433,216 
1,745,568 
1,798,464 
2,591,904 
3,596,928 
1,851,360 
2,062,944 
1,692,672 
2,644,800 
476,064 
740,544 
1,110,816 
1,057,920 
476,064 
1,269,504 
899,232 
1,639,776 
634,752 
687,648 
2,168,736 
1,375,296 
1,586,880 
793,440 
740,544 
1,851,360 
$99,232 
899,232 
634,752 


Total 

Ciliata 
649,152 
272,856 
411,920 
484,720 
780,544 
302,128 
460,816 
1,538,782 
248,288 
893,584 
778,944 
345,424 
281,232 
399,728 
370,176 
364,624 
70,408 
387,272 
340,528 
278,784 
411,120 
766,144 
910,432 
554,560 
586,656 
1,639,776 
2,915,680 
$49,536 
1,699,072 
1,170,112 
1,322,400 
1,428,192 
2,433,216 
1,904,256 
1,801,604 
2,595,104 
3,600,128 
1,873,360 
2,221,632 
1,702,272 
2'806,688 
687,648 
743,744 
1,116,216 
1,057,920 
476,064 
1,487,488 
1,117,216 
1,748,768 
743,744 
1,428,192 
2,968,576 
2) 128,640 
1,804,864 
1,229,408 
1,014,624 
2/028,048 
1,216,208 
1,692,672 
1,110,816 


Acineta 
sp. 


Podophrya 
sp. 
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Sphaerophrya 
sp. 
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TABLE 1.—ORGANISMS PER CUBIC METER IN PLANKTON OF 


Vorticella 
longifilum 


~ 52,896 
52.896 


~~ 6,400 


"52,896 
211,584 
105,792 


39,672 
125,628 
13,224 
46,284 
52,896 
52,896 
85,956 


Total 
Suctoria 


StTocKTON CHANNEL IN 1913—(Continued) 


Vorticella 
sp. 
952,128 
1,005,024 
423,168 
581,856 
317,376 
1,322,400 
687,648 
528,960 
528,960 
687,648 
423,168 
1,692,672 
634,752 
1,481,088 
317,376 
158,688 
290,928 
211,584 
211,584 
79,344 
79,344 
52/896 
105,792 
13,224 
72,732 
26,448 
39,672 
19,836 
33,060 
52,896 


Total Protozoa Total Protozoa 


without 
Mastigophora 


895,184 
780,544 


Total 
Ciliata 
1,242,208 
1,222/008 

793,440 
1,064,320 
793,440 
1,851,360 
912,032 
1,024,224 
1,005,024 
$52,736 
694,048 
2,274,528 
899,242 
2,095,744 
895,840 
360,480 
318,296 
1,646,080 
315,680 
839,088 
419,872 
242,736 
559,360 
470,320 
209,792 
113,792 
470,618 
447,992 
721,108 
141,392 
297,328 
350,436 


wit. 
Mastigophora 

20,636 
2,000 
5,600 
1,042,084 
1,133,652 
352,012 
1,172,324 
685,836 
82,732 
277,492 
623,032 
537,760 
972,928 
1,844,016 
802,616 
1,239,664 
1,279,008 
391,072 
521,712 
1,599,678 
432/576 
952,880 
894,336 


Acineta 
sp. 


Collotheca 
egg, attached 


Podophrya 
sp. 


Collotheca 
pelagica 


[ Vou. 22 


Sphaerophrya 
sp. 


Total 
Rhizota 
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Allen: 


TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 


Total 
Suctoria 


3,200 


Plankton of the San Joaquin River 


STockTON CHANNEL IN 1913—(Continued) 


Total Protozoa Total Protozoa 


without 
Mastigophora 
384,624 
286,032 
452,624 
424,672 
445,568 
138,104 
390,472 
340,528 
442,272 
702,048 
1,005,776 
993,276 
769,344 
907,232 
1,854,560 
3,345,248 
2280, 928 
2,016,448 
2, 125; 440 


1,535,488 
3,547,232 
1,114,016 
2,277,728 
5,666,262 
3,398,144 
2,284,128 
2,987,776 
1,235,808 
2/980, 176 
1,430,992 
1,705,472 
1,226,208 
1,248,608 
1,289,688 
1,328,192 
1,434,592 
1,163,712 
2,168,736 
1,440,992 
1,394,496 
1,804,864 
1,335,200 


wit 

Masiicoshor 
702,048 
768,400 
612,912 
439,072 
459,968 
150,904 
$26,440 
404,624 
1,662,080 
920,032 
1, 141, 216 


1,966,752 


4 
4, 

5,7 

5,4 

5,5 

5,6 
a) 
7,10 

71 

84 

41 

0,3: 

5, 


779,968 
8,379,968 
6,102,240 
5,190,208 

14,152,012 

10,178,432 

12,757,536 

11,880,704 
9,755,264 

14,299,920 

16,634,544 

18,529,600 

23,872,096 

22,883,072 

22,502,200 

10,902,368 
8,899,328 

15,868,800 

14,546,400 
8,071,192 
7,854,208 
8,740,640 
5,355,224 


Collotheca Collotheca 
egg, attached pelagica 


17 


Total 
Rhizota 


~ 6,400 


105, 792 


5 
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TABLE 1.—ORGANISMS PER CUBIC METER IN PLANKTON OF 
Stockton CHANNEL IN 1913—(Continued) 


Total Protozoa Total Protozoa 
Total without wi Collotheca Collotheca Total 

Suctoria Mastigophora Mastigophora _ egg, attached pelagica Rhizota 

1,223,008 7,676,320 

4,020,096 9,838,656 

i S2eLot. § rre1i7084 

eee a 3,377,436 10,636,988 

sencvaxest ve 3 1,753,750 9,806,752 

Resor ee ceeasee 5,339,104 10,946,080 orton bee nee es ne 
1,746,488 8,119,608 aedccecicacdsten Nl Peadetactssess 
5,565,184 19430336 eee ey Meee : 


aoe 6,400 ‘12,800 


) 2,279,232 9,644,576 
52,896 y (380144, Tee 
eisdigess Gi 239 184) = Be 
Setters Aeleten 2,841,040 
Saree 4,274,880 
3,200 3,258,560 
3,200 2,340,032 
2.400 Tee Lay Aas MIE erento de et Tn cocicagcnccecess 
a TAG08260 tee Se ee gee 
800 L878 :5S40 0) cer: Seen eee ee 
ettseee ; 1,469,628 
800 EP ToR etd) alee all Peieesteccenlh sf heceencon ee 
seccauechetetohe 298,128 1,647,776 
Meets 5 350,436 1,389,720 Binuarstee Jeodiesiaeetes 
Rotaria Rotaria Rotifer egg, Rotifer egg, Rotifer Total 
neptunia rotatoria winter unidentified unidentified Bdelloida 
3,200 112,404 Becsdenactsuwt Seveststuacee ess ecUicdtacsereee 115,604 
denederen cnet 5 213,420 Sechedeaiencsece 231,420 
sbivhereseeas 178,524 ce eiseacaeeee Sees 4 178,524 
2,000 449,616 = sia soreiacteconee Gautiinn 451,616 
7,200 (20 708n Woe ees ee sisters ecole 727,908 
$,000 185,136 encdedesecactes Mharetnatee wasaseues eres 193,136 
39,672 1,309,176 ae eee eee 26,448 1,375,496 
39,672 1,243,056 Be decetonetees Seccancckoheeie 46,284 1,329,012 
8,000 1,282,728 400 ee ee 3,200 1,293,928 
25,600 33856245" : : aes F 800 1,361,024 
11,200 1,203,384 800 WQ:344 0S eee 1,284,728 
25,600 1,626,552 800 145,464 66,120 1,864,536 
24,000 1,401,744 Ssscvasvsversne 800 3,200 1,428,744 
11,200 SOM OL8 a eee See eee 1,600 369,848 
Seetcss 674,424 39,672 SetscaucysOrvene 1,600 « 676,024 
3,200 1,057,920 1,600 pee saaneeroe 3,200 1,064,320 
3,200 1,745,568 Wisdecweor te teidieesineetse 6,400 1,755,168 
: 1,639,776 ae HS ecusterees 52,896 1,692,672 
ed 766,992 1600) ee sens 1,600 768,592 
3,200 ZiOUZIOGOM ie tecccseeas Mi mreepeenee tue 105,792 2,681,552 
Ren : 1,269,504 Sats Be seeveventnans 6,400 1,275,904 
3,200 714,096 Rds ke Weer ae ; 3,200 720,496 
3,200 793,440 Sedoctwsacaters 1,600 1,600 798,240 
: : 343,824 —..... hee eee eee 343,824 
6,400 528,960 Secvocciscaste Metis eeeare 52,896 588,256 
Peder 79,344 Bie atic een Se aoe i 3,200 $2,544 
Pi pewee ee 290,928 wh aeectineeetee Lichen a aoe beer 290,928 
317,376 preeerares se eeres eras 132,240 449,616 
132,240 dacceuaceueas F stesdsvaveneaees 3,200 135,440 
US5;186"> ee eee Bee: 1,600 186,736 
105,792 ibe 1,600 eave 105,792 
79,344 Meee vedee 1,600 1,600 80,944 


3.200! 725. ene Ok. ee 1,600 4,800 


1920] 


10/11 
10/15 
10/18 
10/22 
10/26 
10/29 
ily al 
WY) 
1l/ 8 
11/12 
11/15 
11/19 
11/22 


Allen: Plankton of the San Joaquin River 


TABLE 1.—OrGANISMS PER CUBIC METER IN PLANKTON OF 


Rotaria 
neptunia 


6,400 


6,400 
6,400 
6.400 
6,400 


57,600 
25,600 
12,800 
32,000 


~ 12,800 
12/800 


25,600 
6,400 
6,400 

158,688 
38,400 
12,800 
19,200 
19,200 
76,800 

158,688 

105,792 

105,792 
6,400 

19,200 

12,800 


STocKTON CHANNEL IN 1913— (Continued) 


Rotaria 

rotatoria 
79,344 
79,344 
105,792 
1,600 
6,400 
370,272 
3,200 
25,600 
6,400 
6,400 
6,400 


19,200 
19,200 
158,688 
423,168 
158,688 
19,200 
6,400 
211,584 
19,200 


317,376 
12,800 
6,400 
32,000 
32,000 
370,272 
105,792 
153,600 
237,184 
16,000 
105,792 


52,896 
6,400 
12}800 


65,696 
19,200 
105,792 
19,200 
25,600 
211,584 
158,688 
105,792 
79,344 
105,792 
317,376 
132,240 


Rotifer egg, 
winter 


264,480 


Rotifer egg, 
unidentified 


6,400 


3,200 


Rotifer 
unidentified 
79,344 
158,688 
1,600 


6,400 
211,584 
264,480 
264,480 


6,400 
3,200 
6,400 
3,200 
12,800 
3,200 
6,400 
6,400 


158,688 
3,200 
3,200 

19,200 

158,688 


26,500 
3,200 
3,200 

211,584 


317,376 
317,376 
158,688 

6,400 
158,688 
105,792 

3,200 
105,792 

3,200 
105,792 


“211,584 
105,792 
211,584 

~ 264,480 

52.896 


2111584 
105,792 


~ 52,896 
52,896 


Total 
Bdelloida 

158,688 
238,032 
107,392 
1,600 
12,800 
581,856 
267,680 
290,080 
6,400 
12,800 
9,600 
6,400 
3,200 
12,800 
22,400 
25,600 
165,088 
423,168 
165,088 
177,888 
9,600 
214,784 
38,400 
158,688 
317,376 
38,400 
16,000 
41,600 
249,984 
376,672 
105,792 
528,576 
262,784 
35,200 
296,480 
105,792 
3,200 
112,192 
3,200 
118,592 


~ 230,784 


19.200 


~~ 52,896 


32,000 
230,784 
112,192 
435,968 

57,600 
389,472 

91,296 
256,384 
394,176 
317,376 
211584 
186,136 
112,192 
489,472 
207,936 


~] 


178 
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TABLE 1.—ORGANISMS PER CUBIC METER IN PLANKTON OF 
StockToN CHANNEL IN 1913—(Continued) 


Rotaria 

neptunia 
52,896 
16,000 
52,896 
41,600 
19,826 
33,060 
33,060 
52,896 
4,800 
13,224 
52,896 


Anuraeopsis 
egg, attached 


Rotaria 
rotatoria 


51,200 
79,344 
79,344 
185,136 


Anuraeopsis 
fissa 


Rotifer egg, 
winter 


Anuraeopsis 
sp. 


~ 264,480 
423,168 


Rotifer egg, 


unidentified 


Asplanchna 
brightwellii 


Rotifer Total 
unidentified Bdelloida 


104,096 


~ 400 92,968 


Asplanchnopus Brachionus 
sp. angularis 


Ratan x 581,856 


1920] 


Allen: Plankton of the San Joaquin River 


TABLE 1.—ORGANISMS PER CUBIC METER IN PLANKTON OF 
SrockTON CHANNEL IN 1913—(Continued) 


Anuraeopsis 
egg, attached fissa 


108,800 
158,688 


12,800 
54,400 
158,688 
132,240 
6,400 
3,200 


Anuraeopsis 


Anuraeopsis 


sp. 


Asplanchna 


brightwellii 


44,800 
32,000 
19,200 
6,400 
6,400 
51,200 
38,400 
83,200 
158,688 
19,200 
44,800 
12,800 
6,400 
3,200 
19,200 
25,600 
44,800 


38,400 
76,800 
25,600 
25,600 
32,000 

6,400 
12,800 


6,400 
51,200 
3,200 


Asplanchnopus 
sp. 


179 


Brachionus 
angularis 


158,688 
370,272 
264,480 

19,200 

3,200 


12,800 
3,200 


~ 158,688 


52,896 
105,792 
370,272 
317,376 


"52,896 
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TABLE 1.—ORGANISMS PER CUBIC METER IN PLANKTON OF 


wwwnnwnnnwnr 
NNHeEE 


SrockToN CHANNEL IN 1913—(Continued) 


Brachionus Brachionus Brachionus 
angularis Brachionus Brachionus Brachionus egg, attached egg, attached 
eaudatus budapestenensis _calyciflorus capsuliflorus female male 

6,612 Scccessataeeiy ep hecuetarensteeete 
a 39,672 400 
9,600 10,000 2,400 
RR oct 13,224 1,200 
13,224 800 
S00 eee 4,800 
19,836 19,836 
59,508 1,600 
33,060 33,060 
52,896 85,956 
AAO reece 79,344 
224,808 224,808 
9,600 recat 
wen 66,120 bone eees tsa 39,672 
211,584 304,152 
396,720 528,960 
Sees 317,376 290,928 
1,295,952... 1,375,296 
AP LO} SiG eerere: 714,096 
3,914,804 608,304 
132;240 92,800 
264,480 —......... 105,792 
eeddoves 449,616 y 132,240 
343,824 —...... a 317,376 
264,480 1,600 290,928 
714,096 sve 185,136 
ae 317,376 3/200 
16,000 bosses 
aoe 19,200 12,800 
Sa 79,344 52/896 
sess 38,400 9,600 
44°300) cere 12,800 
Siete 57,600 meee 9,600 
: 25,600 ant 61,600 
12,800 1O05%792 ee os 79,344 
Hisceers 185,136 6,400 502,512 
aes cose 79,844 hehe eee 238,032 
140,800 12,800 370,272 
ss 102,400 6,400 423,168 
12,800 44°800) a eee 211,584 
12,800 6,400 317,376 
25,600 ee 423,168 
211,584 211,584 
581,856 899,232 
QOZNU2R Se se eunten, am Mieeeee ee eee ; 476,064 
370,272 6,400 288,000 
TRG No eec ctor stat 20 N ee eens a ce ee 952,128 
SOO 282 eee ey, es han ee 370,272 

USUTOSS 1G 9 ore See eee aoa 793,440 
ZOOM O04? | iaccsccwseeces 6,400 846,336 
1;269;504 ..... 6,400 528,960 

687,648 scbassks 158,688 
ATOIOGGT ser oeaxce: Seoul! DE ekedeuaesanen 158,688 

1,163,712 3,200 a 687,648 

1,375,296 ey) ee 528/960 
793,440 sok $46,336 
793,440 afaeicts 476,064 
317,376 : 6,400 158,688 

1,481,088 6;400' cee 370,272 
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Allen: Plankton of the San Joaquin River 


TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 


Brachionus 
angularis 
caudatus 

423,168 
211,584 
105,792 
105,792 

1,269,504 

1,428,192 

1,692,672 

899,232 
952,128 
317,376 
476,064 
476,064 
2,433,216 
2,062,944 
687,648 
19,200 
264/480 
740,544 
581,856 
581,856 
793,440 
423'168 
264,480 
158,688 
370,272 


Brachionus 
egg, free 
female 


13,224 


STOCKTON CHANNEL IN 1913—(Continued) 


Brachionus Brachionus 
budapestenensis _calycifiorus 


6,400 

een 12/800 

P7510) 000) eee 

6.400 6,400 

(52,896 6,400 

ate. CHOON, gona 

eee 6,400 

6,400 

“ae 3,200 

6,400 

3,200 

3,200 

9,600 

eee 800 

Brachionus 

egg, free Brachionus 

male male 


Brachionus 
eapsuliflorus 


6,400 


Brachionus 
plicatilis 

1,600 
2,000 
5,200 
13,224 
26,448 
4,800 
26,448 
52'896 
92568 
99,180 


Brachionus 
egg, attached 
female 

12,800 
2,644,480 
3,200 
158,688 
317,376 
687,648 
952,128 
740,544 
476,064 
105,792 
158,688 
317,376 
1,269,504 
476,064 
370,272 
6,400 
105,792 
1,005,024 
370,272 
423.168 
634,752 
158,688 
158,688 
52,896 
211,584 


~~ 6,400 


Brachionus 
urceus 
6,612 
400 
800 
400 
1,600 
400 
17,600 
59,508 
52,896 


Brachionus 
egg, attached 
male 


19,200 


"52,896 
19,200 
211,584 


Brachionus 
with — 
endoparasites 
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TABLE 1—ORGANISMS PER CuBIC METER IN PLANKTON OF 


Brachionus 
egg, free 
female 
119,016 
39,672 


92,568 
171,912 
105,792 

52,896 
211,584 

52,896 
476,064 


158,688 
185,136 
264,480 
211,584 
132,240 
52,896 
1,600 


423/168 
1,005,024 
211,584 
211,584 
211,584 
317,376 
158,688 
211,584 
317,376 
370,272 
317,376 
317,376 
581,856 
687,648 
264,480 
1,005,024 
899,232 
1,005,024 
370,272 
264,480 
740,544 
476,064 
423/168 
423/168 
634,752 
1,163,712 
1,110,816 
899,232 
2,486,112 
634,752 
1,005,024 
687,648 


StocKTON CHANNEL IN 1913—(Continued) 


Brachionus 
egg, free 
male 


Brachionus Brachionus 
male plicatilis 


Brachionus 
urceus 


740,544 
505,600 
423/168 
687,648 
899,232 
581,856 
128,000 
51,200 
44,800 
44/800 
528,960 
528,960 
370,272 
6,400 
423168 
105,792 
370,272 
264,480 
793,440 
793,440 
264,480 
476,064 
581,856 
370,272 
105,792 


[ Vou. 22 


Brachionus 
with — 
endoparasites 


1920] 


Allen: Plankton of the San Joaquin River 


TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 


Brachionus 
egg, free 
female 
634,752 
$46,336 
793,440 

1,057,920 
370,272 
687,648 
476,064 
370,272 
370,272 
952,128 
793,440 
952,128 
634,752 
952/128 
528,960 
264,480 
317,376 
105,792 
105,792 
158,688 

52/896 


238,032 
370,272 
132,240 
449,616 
449,616 
158,688 
46,284 
119,016 
33,060 
66,120 
26,448 
72,732 
105,792 


Diurella 
egg, free 


SrocKToON CHANNEL IN 1913—(Continuwed) 


Brachionus 
egg, free 
male 


Diurella 
tenuior 


Brachionus 
male 


Epiphanes 
clavulata 


Brachionus 
plicatilis 


Filinia 
brachiata 


Brachionus 
urceus 
96,000 
105,792 
211,584 
211,584 
12,800 
19,200 
121,600 
264,480 
158,688 
105,792 
158,688 
105,792 
211,584 
44,800 
32,000 
6,400 
12,800 


Filinia 
egg, attached 
female 


400 


92,568 
26,448 
158,688 
581,856 
555,408 
105,792 
1,481,088 
423,168 
1,190,160 


Brachionus 
with 
endoparasites 


~~ 6,400 


Filinia 
egg, attached 
male 


2,400 


277,704 

79,344 
132,240 
502,512 
238,032 
105,792 


184 
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TABLE 1—ORGANISMS PER CUBIC METER IN PLANKTON OF 


Diurella 
egg, free 


~ 105,792 
105,792 


SrocKToN CHANNEL IN 1913—(Uontinued) 


Diurella 
tenuior 
3,200 


Epiphanes Filinia 
clavulata brachiata 


Filinia 


egg, attached 


female 


132,240 
185,136 
117,376 
132,240 
476,064 
132,240 

52,896 
1,600 
185,136 
79,344 
1,600 
158,688 
317,376 
158,688 
502,512 
158,688 
211,584 


[ Vou. 22 


Filinia 
egg, attached 
male 


211,584 
185,136 
105,792 


1920] 


Allen: Plankton of the San Joaquin River 


TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 
STocKTON CHANNEL IN 1913—(Continued) 


Diurella 
egg, free 


52,896 
52,896 


Filinia 
egg, free 


105,792 
132,240 
238,032 
1,904,256 
793,440 
899,232 
290,928 
449,616 
211,584 
52.896 
52,896 


Diurella 
tenulor 


Filinia 
longiseta 

72,732 
20,800, 
5,600 
26,448 
2,400 
1,600 
800 
46,284 
4,800 
13,600 
66,120 
304,152 
19,200 
383,496 
2,062,944 
1,401,744 
555,408 
3,702,720 
6,083,040 
5,025,120 
1,110,816 
1,586,880 
978,576 
608,304 
608,304 
238,032 
238,032 
132,240 
476,064 
185,136 
264,480 
290,928 


Epiphanes 
clavulata 


~ 105,792 


Keratella 
cochlearis 


52,896 
9.600 
14,400 
39,672 
79,344 
79,344 
158,688 
105,792 
105,792 
28'800 
343,824 
211,584 
238,032 
158,688 
370,272 
132,240 
238,032 
48,000 
6,400 
211,584 
290,928 


Filinia 
brachiata 


105,792 
105,792 
52,896 
1,600 


Keratella 


egg, attached 


400 
6,000 
26,448 
26,448 
19,836 
72,732 
112,404 
33,060 
39,672 
171,912 
436,392 
3,200 
6,400 
52,896 
79,344 
9,600 
1,600 
158,688 
1,600 
1,600 
290,928 
211,584 
423,168 
555,408 
132,240 
1,454,640 
608,304 
502,512 
264,480 
925,680 
423.168 


Filinia 


egg, attached 


female 


~~ 1,600 
1,600 


Keratella 

egg, free 
72,732 
79,344 
25,200 
99,180 
46,284 
39,672 
138,852 
125,628 
171,912 
145,464 
343,824 
899,232 
800 
132,240 
198,360 
449,616 


79,344 
1,600 


1,600 
1,600 
79,344 
396,720 
740,544 
2,089,392 
872,784 
2,115,840 
2,115,840 
2,062,944 
1,295,952 
1,005,024 


185 


Filinia 


egg, attached 


male 


Keratella 
male 


186 
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TABLE 1.—ORGANISMS PER CUBIC METER IN PLANKTON OF 


Filinia 

egg, free 

608,304 
899,232 
819,888 
819,888 
502,512 
105,792 
211,584 
581,856 
370,272 


~ 105,792 


3,200 
158,688 

3,200 
105,792 
158,688 
370,272 
476,064 
370,272 


~ 105,792 


105,792 
211,584 


158,688 


3,200 
264,480 
423.168 
370,272 
476,064 
158,688 
158,688 
264,480 
105,792 

3,200 

3,200 

3,200 


"52,896 


52,896 
52,896 


105,792 


211,584 


52,896 
52,896 


~ 158,688 
211,584 


~ 105,792 


132,240 


StocKTON CHANNEL IN 1913—(Continued) 


Filinia 
longiseta 

581,856 
264,480 
370,272 
1,930,704 
925,128 
1,639,776 
1,057,920 
158,688 
6,400 
158,688 
25,600 
211,584 
51,200 
6,400 
38,400 
51,200 
211,584 
423,168 
1,110,816 
264,480 
1,375,296 
12,800 
105,792 
25,600 
6,400 


Keratella 
cochlearis 


211,584 


1,600 
105,792 
52,896 


6,400 
211,584 
317,376 
264,480 
793,440 
211,584 
423,168 

12,800 
32,000 
38,400 

6,400 

12,800 


52,896 
158,688 
264,480 
528,960 
423.168 
105,792 
211,584 

89,600 
132,240 

51,200 

52,896 


Keratella 
egg, attached 
423,168 
476,064 
502,512 
1,005,024 
819,888 
370,272 
3.200 
158,688 


105,792 
3,200 
634,752 
105,792 
105,792 
158,688 
476,064 
211,584 
1,533,984 
1,957,152 
317,376 
211,584 
3,200 
3,200 
105,792 
211,584 
211,584 
264,480 
105,792 
158,688 
3,200 
105.792 
105,792 
3,200 


317,376 
3,200 
3,200 

12.800 

105,792 
3,200 

423,168 
3,200 

12,800 
52,896 

370,272 

634,752 

793,440 

1,798,464 
1,216,608 
1,216,608 

423,168 

634,752 

423,168 

476,064 
6,400 
6,400 

25,600 
52,896 
12,800 
28,800 


Keratella 
egg, free 
1,930,704 
1,533,984 
1,243,056 
2,036,496 

793,440 
476,064 
317,376 
476,064 
476,064 
211,584 
476,064 
1,322,400 
370,272 
8,200 
264,480 
528,960 
1,586,880 
1,533,984 
1,481,088 
3,200 
476,064 
211,584 
687,648 


~ 105,792 


370,272 
158,688 
158,688 
105,792 


79,344 
581,856 
714,096 


[ Vou. 22 


Keratella 
male 


1920] 


Allen: Plankton of the San Joaquin River 


TABLE 1—ORGANISMS PER CuBIC METER IN PLANKTON OF 


Filinia 
egg, free 


185,136 


~ 105,792 
52,896 


Keratella 
quadrata 

26,448 
92,568 
79,344 
152,076 
85,956 
39,672 
231,420 
323,928 
198,360 
125,628 
423,168 
1,124,040 
11,200 
79,844 
251,256 
132,240 
16,000 
41,600 
925,680 
317,376 
343,824 
952,128 
740,544 
1,084,368 
2,142,288 
3,385,344 
4,205,232 
3,041,520 
925,680 
1,719,120 
4,205,232 
2'195,184 
2'459,664 
2,010,048 
1,613,328 
3,067,968 
5,104,464 
2'909,280 
1,005,024 
1,322,400 
317,376 
740,544 
846,336 
1,533,984 


Stockton CHANNEL IN 1913—(Continued) 


Filinia 
longiseta 


Keratella 

cochlearis 
48,000 
51,200 
52,896 
57,600 
3,200 
1,600 
800 
1,600 


1,600 


Notholea 
striata 


400 
800 


Keratella 

egg, attached 
22,400 
28,800 
19,200 
52.896 
52,896 
6,400 
72,732 
4,000 
46,284 
13,224 
26,448 
66,120 


Notommata 
aurita 


400 


Keratella 

egg, free 
423,168 
79,344 
105,792 
52,896 
52,896 


46,284 

1,600 
19,836 
19,836 
39,672 
79,344 


Polyarthra 
trigla 


1,200 
39,672 
800 

800 
19,836 
66,120 
1,600 
19,836 
105,792 
39,672 
4,800 
14,400 
105,792 
28,800 
79,344 
370,272 
581,856 
158,688 
238,032 
132,240 
25,600 
79,344 
105,792 
158,688 
396,720 
1,110,816 
1,560,432 
766,992 
1,772,016 
370,272 
2,644,800 
2,062,944 
1,216,608 
3,147,312 
2,724,144 
528,960 


187 


Keratella 
male 


Polyarthra trigla 
egg, attached 
female 


~ 3,200 


"52,896. 
1,600 


52,896 
158,688 
290,928 

1,600 
555,408 
158,688 
132,240 
528,960 
238,032 
105,792 
185,136 


INN NT SINT 
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NwNwoOmwou 


~ 

= 
ao 
Oo 


University of California Publications in Zoology 


TABLE 1.—ORGANISMS PER CUBIC METER IN PLANKTON OF 


Keratella 
quadrata 

846,336 
528,960 
317,376 
740,544 
1,798,464 
6,030,144 
7,035,168 
1,798,464 
1,163,712 
264,480 
1,322,400 
952,128 
846,336 
1,692,672 
2,062,944 
2,010,048 
1,110,816 
687,648 
740,544 
899,232 
423,168 
1,163,712 
1,904,256 
528,960 
581,856 
158,688 
317,376 
899,232 
1,957,152 
1,005,024 
89,600 
$46,336 
1,822,400 
1,533,984 
2,062,944 
5,395,392 
4,866,432 
3,914,304 
2,010,048 
2,697,696 
952,128 
1,269,504 
581,856 
64,000 
19,200 


12,800 
25,600 
12,800 
25,600 
38,400 
79,344 
35,200 
33,060 
132,240 
33,060 
92,568 
46,284 
$5,956 
125,628 


StrocKTON CHANNEL IN 1913—(Continued) 


Lecane 
luna 


~~ 6,400 


400 


Notholea 
striata 


Notommata 
aurita 


Polyarthra 
trigla 


1,005,024 
687,648 
19,200 
158,688 
$99,232 
1,692,672 
687,648 
158,688 
134,400 
634,752 
952,128 
793,440 
687,648 
2,327,424 
952,128 
1,057,920 
1,904,256 
1,428,192 
952,128 
581,856 
952,128 
264,480 
846,336 
1,057,920 
264,480 
$99,232 
581,856 
740,544 
476,064 
581,856 
634,752 
634,752 
634,752 
740,544 
423,168 
44,800 
32,000 
158,688 


"52,896 


185,136 
528,960 
264,480 
449,616 
46,284 
495,900 
66,120 
66,120 
5,600 
46,284 
132,240 


[ VoL. 22 


Polyarthra trigla 
egg, attached 
female 


~ 105,792 
105,792 


"52,896 
"52,896 


1920] 


Allen: Plankton of the San Joaquin River 


TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 


STOCKTON CHANNEL IN 1913—(Continued) 


Polyarthra 
trigla egg, Synchaeta 
attached male sp. 


ee 1,600 
eat ie 2 3,200 
poe 6,400 
aoe 52,896 
mares 1,600 
bien eee 44,800 
a oe 317,376 
aa. 70,400 
44,800 

12,800 

317,376 

32,000 


3,200 
211,584 
317,376 
2,644,800 
1,745,568 
32,000 
528,960 
12,800 
3,200 

6,400 


~ 6,400 


Trichocerca 
capucina iernis 


Trichocerca 


6,400 


211,584 
317,376 
6,400 
6,400 


12,800 
19,200 
19,200 


Total 
Ploima 
199,960 
268,644 
142,544 
419,944 
221,984 


11,674,672 
11,317,848 
13,536,096 
2,468,480 
4,663,600 
3,587,984 


=) 
wae 
Eee) 
H= OTF 
He Or OO 
ao) 


for) 
Hw 
S 
S 
loro 


2:786,620 
83,936 
18,208 
56,672 
464,960 
97,336 


ORS 


, 


or 


, 


Co DO HR MT OO BO DO OT Or OO GO DH 


, 


TH 


ANORWWOHe He Ooo wb 


WonINo & swt 
st OO D S 


’ 


7,720 


(0,048 


2,302 


Coe 0100 CO He OO Or NT Ee NI 


Total Ploima 
without eggs 
114,004 
155,440 
102,544 
258,268 
130,028 
83,932 
301,540 
567,996 
403,120 
364,836 
900,032 
1,985,200 
60,000 
560,960 
2,692,848 
2,107,392 
1,082,672 
5,722,202 
8,856,584 
9,577,280 
1,898,112 


1,786,492 
2,186,240 
4,359,872 
2,854,496 
1,842,304 
1,466,400 
3,085,064 
4,835,936 


5,979,752 
3,026,176 
2,219,936 


bo OO He bo 
S 
A Ore 
CONDO 
Wo} 
o 
bo 
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TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 


Polyarthra 
trigla egg, 
attached male 


Total 
Rotifera 
315,564 
500,064 
321,068 
871,560 
949,892 
341,776 
1,906,456 
2,156,476 
1,990,776 
2/168,864 
2,951,752 
5,648,200 
1,525,692 
1,360,476 
5,062,344 


SrocKTON CHANNEL IN 1913—(Continued) 


Synchaeta 
sp. 


“12,800 


6,400 
~ 6,400 
~ 6,400 


19,200 
158,688 
105,792 

6,400 

44,800 


6,400 
105,792 
105,792 

52,896 
132/240 
12,800 
79,344 
79,344 
52,896 
33,060 
92,568 
39,672 
79,344 
39,672 
33,060 
79,344 


Bosmina 
longirostris 


Trichocerea 


capucina 


sp. 


Trichocerea 
iernis 


158,688 


52,896 


Total 
Ploima 
2,551,808 
6,029,196 
6,082,848 
5,332,704 
9,205,408 
6,716,096 
4,491,296 
2,686,400 
2,630,112 
2,551,808 
6,597,504 
7,419,744 
2'736,096 
1,786,976 
2'812,200 
5,342,496 
4,699,648 
5,744,868 

10,444,416 
8,548,256 
7,588,032 
4,956,032 
5,980,266 
2436224 
3,209,776 
1,460,192 

400,576 
352,384 
451,968 
1,018,136 
2,242,896 
1,972,960 
955,600 
1,618,336 
1,121,872 
853,088 
171,088 
1,048,696 
192,736 
384,696 
155,864 
306,952 
592,868 


Total 
Cladocera 


[Vou..22 


Total Ploima 
without eggs 
1,907,456 
3,966,252 
4,116,096 
3,369,152 
5,287,904 
4,864,736 
2/835,520 
1,625,280 
1,714,880 
1,170,112 
4,403,168 
5,353,600 
1,992,352 
1,080,128 
2,065,256 
3,491,136 
3,218,560 
3,470,340 
7,105,568 
6,115,040 
5,347,200 
3.474.944 
3,963,818 
1,589,888 
2,086,160 
1,024,224 
288,384 
168,096 
247,632 
272,888 
802,848 
714,752 
496,672 
783,296 
475,168 
535,712 
114,804 
723,508 
140,852 
239,232 
94,756 
167,300 
340,012 


Canthocamptus 
sp. 


1920] 


Allen: Plankton of the San Joaquin River 


TABLE 1.—ORGANISMS PER CUBIC METER IN PLANKTON OF 


Total 
Rotifera 
5,123,216 
3,680,128 
13,367,344 
12,086,440 
16,017,648 
3,744,384 
5,384,096 
4,386,224 
4,406,272 
6,305,728 
7,943,152 
8,178,640 
8,062,592 
6,318,432 
5,449,792 
9,422,544 
5,106,720 
9,577,936 
8,168,240 
6,995,472 
14,039,840 
13,164,608 
8,677,760 
6,493,024 
5,411,648 
2,846,208 
2,793,020 
3,207,264 
7,493,536 
4,024,608 
2,559,872 
3,477,760 
4,819,736 
7,942,304 
18,702,592 
18,070,648 
4,290,592 
7,289,856 
5,137,320 
8,792,840 
4,386,976 
3,548,736 
3,745,632 
6,010,752 
4,271,784 
3,680,632 
2,801,792 
6,405,868 
6,188,640 
5,867,680 
9,467,192 
6,757,696 
4,787,776 
2,792,192 
2,652,512 
2,644,000 


2'017,760 
2'831,400 


STocKTON CHANNEL IN 1913—(Continued) 


Bosmina 
longirostris 


Bosmina 
sp. 


~ 6,400 


Sida 
sp. 


~ 6,400 
6,400 
6,400 

~ 6,400 
6,400 

~ 6,400 
6,400 
12,800 

6,400 


~ 12,800 


Total 
Cladocera 


“3,200 


3,200 


~ 6,400 


~ 6,400 


6,400 
6,400 


6,400 
6.400 


~ 6,400 


~ 6,400 


~ 12,800 


6,400 
6.400 
12,800 
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3.200 


3,200 
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TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 


Total 

Rotifera 
5,342,496 
4,752,544 
5,776,868 
10,681,600 
8,660,448 
8,129,792 
5,013,632 
6,382,538 
2,527,520 
3,466, 160 
1,854,368 
717,952 
563,968 
641,304 
1,130,328 
2,732,368 


346,624 
685,836 


Cyclops 
sp. 


6,612 


~-g00 
2.400 
2,000 


1,600 
1,600 
2,400 
1,600 
1,600 
1,600 


1,600 
~ 3,200 
3,200 


Bosmina 
longirostris 


19,200 
6,400 
12,800 


~ 3,200 


~ 800 


Diaptomus 
sp. 


3,200 
9,600 
1,600 
12,800 


Bosmina 
sp. 


Nauplius 


sp. 
800 
1,600 
2,400 
1,200 


800 
2,400 
._ 800 
2,400 
1,600 


6,400 
12,800 
12,800 
16,000 


~ 9,600 


32,000 
105,792 
105,792 


Sida 
sp. 


12,800 


Total 
Copepoda 
7,412 
1,600 
3,200 
3,600 
2000 


1,600 
2,400 
4,800 
2,400 
4,000 
3,200 


1,600 


3,200 
3,200 


12,800 
16,000 
25,600 
35,200 
9,600 
16,000 
57,600 
120,192 
128,192 


SrockToN CHANNEL IN 1913—(Continued) 


Total 
Cladocera 


12,800 


[Vou. 22 


Canthocamptus 
sp. 


3,200 
~~ 3,200 


~ 800 


Total 
Entomostraca 
7,412 
1,600 
3,600 
3,600 
2,000 
1,600 
2,400 
5,600 
2,400 
4,000 
3,200 


1,600 


3,200 
3,200 


16,000 
16,000 
25,600 
35,200 
9,600 
16,000 
57,600 
120,192 
128,192 


Glochidia 


1920] 


Allen: Plankton of the San Joaquin River 


TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 


Cyclops 
sp. 

6,400 
38,400 
22,400 
41,600 
38,400 
80,000 
73,600 
51,200 
57,600 
211,584 
57,600 
249,600 
192,000 
460,800 
317,376 
147,200 
264,480 
115,200 
179,200 
76,800 
317,376 
264,480 
179,200 
268,800 
370,272 
740,544 
454,400 
687,648 
264,480 
264,480 
317,376 
581,856 
264,480 
317,376 
1,005,024 
476,064 
740,544 
476,064 
634,752 
317,376 
793,440 
264,480 
581,856 
476,064 
370,272 
370,272 
224,000 
317,376 
211,584 
211,584 
134,400 
158,688 
121,600 
64,000 


STOCKTON CHANNEL IN 1913—(Continued) 


Diaptomus 
sp. 
12,800 
52,896 

6,400 
22,400 
44,800 

6,400 


Nauplius 
sp. 

25,600 
79,344 
132,240 
185,136 
79,344 
132,240 
185,136 
423,168 
,005,024 
264,480 
634,752 
163,712 
952,128 
899,232 
899,232 
$72,784 
1,375,296 
211,584 
317,376 
$46,336 
528,960 
476,064 
423,168 
1,057,920 
1,163,712 
$46,336 
793,440 
740,544 
1,110,816 
687,648 
740,544 
1,322/400 
1,269,504 
1,005,024 
1,692,672 
1,110,816 
846,336 
846,336 
1,216,608 
793,440 
1,586,880 
1,269,504 
1'322°400 
1,005,024 
1,110,816 
370,272 
952,128 
687,648 
264,480 
211,584 
528,960 
105,792 
264.480 
158,688 
105,792 
105,792 
158,688 
211,584 
6,400 


— 


_ 


Total 

Copepoda 
44,800 
170,640 
161,040 
249,136 
162,544 
218,640 
258,736 
474,368 
1,062,624 
475,964 
692,352 
1,413,312 
1,144,128 
1,360,032 
1,216,608 
1,019,984 
1,639,776 
326,784 
496,576 
923,136 
846,436 
740,544 
602,368 
1,326,720 
1,533,984 
1,586,880 
1247,840 
1,428,192 
1,375,296 
952,128 
1,057,920 
1,904,256 


423,168 
663,360 
264,480 
386,080 
222,688 
144,192 
264,480 
235,488 
211,584 
6,400 
12,800 
22,400 


Total 
Entomostraca 

44,800 
170,640 
161,040 
249,136 
162,544 
218,640 
258,736 
474,368 
1,062,624 
479,164 
692,352 
1,419,712 
1,144,128 
1,360,032 


1,646,176 
326,784 
496,576 
929,536 
852,836 
740,544 
602,368 

1,333,120 

1,533,984 

1,593,280 

1,247,840 

1,440,992 

1,375,296 
958,528 

1,064,320 

1,917,056 

1,533,984 

1,354,400 

2,697,696 

1,586,880 

1,590,080 

1,341,600 

1,857,760 

1,117,216 

2'405,920 

1,533,984 

1,917,056 

1,481,088 

1,500,288 
740,544 

1,195,328 

1,017,824 
601,056 
435,968 
676,160 
264,480 
386,080 
229,088 
150,592 
264,480 
235,488 
211,584 

6,400 
12,800 
22,400 
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TABLE 1.—OrRGANISMS PER CuBIC METER IN PLANKTON OF 


Cyclops 
sp. 
12,800 
28,800 
158,688 
57,600 
22,400 
79,344 
22,400 
52,896 
26,448 
3,200 
46,284 
4,000 
1,600 
4,800 


Macrobiotus 
sp. 


Diaptomus 
sp. 


400 


Nauplius 
sp. 
211,584 
79,344 
12,800 
52,896 
52,896 
132,240 
54,400 
8,800 
39,672 
2,400 
400 
3,200 
19,836 
12,000 


Nematode 
sp. 


400 


Total 
Copepoda 
224,384 
108,144 
171,488 
110,496 
75,296 
211,584 
76,800 
61,696 
66,120 
5,600 
46,684 
7,200 
21,4386 
16,800 


Total 
Miscellaneous 


400 
400 


StockToN CHANNEL IN 1913—(Continued) 


Total 
Entomostraca 

224,384 
111,344 
171,488 
113,696 
75,296 
211,584 
76,800 
61,696 
66,120 
5,600 
47,484 
7,200 
21,436 
16,800 


Total 

Organisms 
1,541,184 

960,080 
1,246,724 
5,194,784 
8,368,732 
3,617,256 
3,866,856 
4,629,740 
3,563,584 


4,432,332 - 


5,301,480 
7,887,808 
5,852,668 
7,185,068 
8,005,224 

11,876,016 

11,583,608 

20,691,744 

15,302,552 

20,878,430 
7,500,464 

10,894,784 


11,109,376 
12,327,488 
16,275,928 
11,340,376 
18,041,448 
21,910,608 
26,652,800 
30,783,344 
28,879,184 
30,505,404 
36,448,208 
49,903,136 
74,895,584 
61,007,212 
50,438,752 
52,137,008 
83,152,764 
90,298,432 


[ Von. 22 


Glochidia 


1920] 


Allen: Plankton of the San Joaquin River 


TABLE 1.—ORGANISMS PER CuBIC METER IN PLANKTON OF 


Macrobiotus 
sp. 


StTocKTON CHANNEL IN 1913—(Continued) 


Nematode 
larva 


Nematode 
sp. 


Total 


Miscellaneous 


Total 
Organisms 
102,283,072 
89,267,642 
84,639,968 


_ + 66,351,588 


3,200 


79,474,408 
71,200,832 
85,669,652 
105,512,440 
66,694,496 
36,946,240 
32,992,824 
48,253,984 
78,756,792 
50,284,514 
29,064,214 
53,158,602 
38,088,136 
39,749,616 
31,442,432 
37,449,228 
71,372,480 
43,499,944 
50,960,344 
49,818,048 
54,312,736 
65,254,556 
65,343,280 
77,865,920 
74,010,912 
72,756,816 
62,833,944 
53,627,768 
64,570,056 
62,673,664 
67,484,896 
44,854,524 
58,332,396 
58,491,488 
56,239,096 
52,299,264 
59,089,962 
55,197,450 
59,191,148 
35,026,646 
31,695,424 
22,527,832 
47,239,288 
26,993,280 
23,289,272 
23,203,120 
15,874,240 
18,297,984 
18,520,416 
13,329,568 
5,559,302 
7,442,442 
6,341,848 
6,567,456 
3,734,436 
7,168,872 
6,219,632 
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TABLE 2.—OrGANISMS Per Cusic Meter IN PLANKTON OF 
San Joaquin River In 1913 


Spirillum Total Anabaena Aphanocapsa Gloeocapsa Gloeocapsa 
undula Bacteriaceae sp. sp. conglomerata sp. 
we ae 
Rae mie ee ae AAO 
a 1,600 
ic 79,344 
renee ; £5 806 eae ap 
ae ; 264,480 
SMGEWR ccc ae 
3300 wees, 3300 ate enecon- cocons 
enh AERO MBE ON SIS 
105,792 105,792 Sree ten Lknceco 
Sec bene soc seis eee 12,800 
Sera 6,400 
Acyecssee sere 502: EZ ere 
Uidieewsecuseest 3,200 Pete sckusteceets 
ec eceeee 1,904,256 185,136 105,792 
ee 1,692,672 Reyer 370,272 
1,745,568 528,960 581,856 
SAvisshicks 1,533,984 634,752 740,544 
an .  2,2211632 ‘1,269,504 476,064 
Sees 2,115,840 317,376 581,856 
105,792 1,586,880 634,752 793,440 
Benes ec Res 1,163,712 317,376 423,168 
740,544 12,800 317,376 
423,168 211,584 317,376 
Foleasetn Sis eed riie eas |) ae ae neers 423,168 
ae 740,544 
eee ee) Gaon 528,960 
105,792 105,792 ae be 211,584 
105,792 105,792 105,792 211,584 
105,792 105,792 12,800 
AEE 52,806 : 59 806 Renee ease enaeae 
kozseenstsee 3300 
52,896 
Inactis 
Gomphosphaera tinetoria Merismopedium Microcystis Nostoe Oscillatoria 
aponina Agardh glaucum formosa 
ishajchito p= Lato), Aol) OO 19,836 
400 
26,448 


1920] 
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TaBLE 2.—ORrGANISMS PER Cusic Meter IN PLANKTON OF 
San Joaquin River 1N 1913—(Continued) 


Gomphosphaera 
aponina 


211,584 
"25,600 


52,89 


Tnactis 
tinetoria 
Agardh 


634,752 
1,692,672 
2,115,840 
1,269,504 
2,115,840 
2,327,424 

634,752 

105,792 


Oscillatoria 
tenuis 


Merismopedium Microcystis 
glaucum sp. 
52,896 
290,928 
476,064 
105,792 
158,688 
cae 211,584 
; 3,200 
; 105,792 
LOSS O2Ee eae eee 
105,792 740,544 
Tee 317,376 
105,792 
317,376 
"211,584 
Riess 105,792 
6,400 
52,896 6,400 
1,600 1,600 
eae 1,600 
Phormidium Stigonema 
spp. Sp. 
~ 400 
“55 806 veaceses 
PS: ekoereey 


Nostoe Oscillatoria 
sp. formosa 
ree rete 1,600 
ee 3,200 
ay 3,200 
2,9 s re eee 
HOW) ae 
ys 105,792 
423,168 
211,584 
423,168 
Rinse 528,960 
52,896 79,344 
3,200 211,584 
158,688 52,896 
583,456 1,600 
3,908) 5)l 2 
581,856 eae 
952,128 6,400 
793,440 6,400 
1,114,016 6,400 
AS S84. ee 
OL GO eee 
317,376 saeco tease 
740,544 25,600 
740,544 12,800 
317,376 Soaiseesineeease 
528,960 105,792 
12,800 ae 
12,800 105,792 
1:23 300 eee 
158,688 Sette 
Hee ae 6,400 
1,600 
1,600 
1,600 
1,600 
Total Actinastrum 
Schizophyceae hantzschii 
ran Berea 33 800 
20/236) 0) eee 
400 
QD AS ae at toe ens 
3) 200 ae aee ee 
3,200 et eer Se 
52,896 1,600 
025896) 9 eae 
108,992 52,896 
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TaBLE 2.—ORGANISMS PER Cusic MmTER IN PLANKTON OF 


San Joaquin River In 1913—(Continued) 


Oscillatoria Oscillatoria 
sp. tenuis 


3,200 


1,600 
Actinastrum 


hantzschii 


Coelastrum 
(large) i 


microporum 


Phormidium 


spp. 
3,200 


52,896 
1,600 
3,200 


158,688 
317,376 


~ 317,376 
~ 105,792 
~ 105,792 

105,792 
~ 158,688 
~ 105,792 
~~ 1,600 


Pediastrum 
boryanum 


1,200 
800 
26,448 
19,836 
24,000 
51,200 
41,600 
79,344 
48,000 
132,240 
185,136 
41,600 
28,800 
105,792 
35,200 


Stigonema 
sp. 


158,688 
423/168 
687,648 
38,400 
105,792 
211,584 
52,896 
79,344 


Pediastrum 
duplex 


400 
400 
2,400 
400 
16,000 
60,800 
16,000 
105,792 
19,200 
19,200 
185,136 
54,400 
3,200 
12,800 
19,200 


Total 


Schizophyceae 


59,296 
56,096 
325,376 
4,800 
64,096 
52,896 
8,000 
185,136 


846,336 
370,272 
952,648 
1,110,816 
618,560 
323,776 
981,776 
267,680 
3,151,512 
6,512,808 
3,864,608 
4,829,536 
4,624,352 
4,462,464 
8,211,680 
4,773,440 
3,609,728 
4,165,288 
3,821,312 
3,596,928 
2,179,840 
647,552 
753,344 
144,192 
825,440 
12,800 
275,680 
84/144 
59,296 
1,600 
3,200 
54,496 
57,696 


Pediastrum 
simplex 


[ Vou. 22 


Actinastrum 
hantzschii 


3,200 
52,896 


6,400 


19,200 


~ 317,376 
105,792 


Raphidium 
polymorphum 
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TABLE 2.—ORGANISMS PER Cusic METER IN PLANKTON OF 
San Joaquin River 1n 1913—(Continued) 


Actinastrum 
hantzschii Coelastrum 
(large) microporum 
26,448 ; 
S2589Gi se 
105,792 
105,792 
105,792 
581,856 x 
476,064 158,688 
158,688 ee ee 
317,376 AES 
528,960 3,200 
SSROSMe ose 
1,586,880 317,376 
423,168 105,792 
528,960 317,376 
102,400 317,376 
634,752 105,792 
1,163,712 See ree 
740,544 105,792 
64,000. 
51,200 105,792 
25,600 Ny Neas . 
ee ee 52,896 
ths est 52,896 
52,896 rh wetieeeees 
Richteriella Scenedesmus 
botryoides obliquus 
400 
1,600 
1,600 
3,200 
1,600 
1,600 


Pediastrum 
boryanum 


79,344 
105,792 
6,400 


12,800 


6,400 
25,600 
158,688 
3,200 
158,688 
12,800 
25,600 
211,584 
105,792 
76,800 
51,200 
25,600 
12,800 
25,600 
158,688 
19,200 
6,400 
9,600 
6,400 


Scenedesmus 
quadricauda 


400 
400 

400 

400 
105,792 
52,896 
1,600 
12,800 
3,200 
3,200 
52,896 
132,240 
211,584 


~ 105,792 
"79,344 


~~ 3,200 


Pediastrum 
duplex 


132,240 
16,000 
1,600 


“6,400 


6,400 
32,000 
132,240 
158,688 
661,200 
1,322,400 
1,798,464 
2,062,944 
899,232 
1,481,088 
2,697,696 
2,433,216 
2,010,048 
2,327,424 
2,539,008 
1,692,672 
4,241,680 
4,866,432 
846,336 
1,163,712 
793,440 
476,064 
89,600 
79,344 
79,344 
19,200 
52,896 
12,800 
52,896 


Schroederia 
setigera 


Pediastrum 
simplex 


1,600 
35,200 
12,800 

6,400 

105,792 


32,000 
476,064 
25,600 
528,960 
25,600 
38,400 
38,400 
25,600 
25,600 
211,584 
12,800 
52,896 


Stigeoclonium 
sp. 
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Raphidium 
polymorphum 

1,600 

52,896 


“105,792 


1,600 
52/896 


3,200 
3,200 
108,992 
3,200 


317,376 


211,584 
211,584 
634,752 
528,960 


~ 52,896 


~ 105,792 
1,600 


Total 
Chlorophyceae 

2,800 
1,600 
29,648 
21,036 
145,792 
164,896 
64,000 
201,136 
73,600 
210,736 
427,968 
233,040 
762,096 
121,792 
177,792 
240,232 
321,328 
9/600 
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Taste 2.—OrGANISMS PER Cusic METER IN PLANKTON OF 
San Joaquin River In 1913—(Continued) 


Richteriella 
botryoides 


12,800 


Asterionella 
gracillima 


4,535,832 
945,516 
8,483,196 
932,292 
9,283,248 
9,918,000 
1,904,256 
2,353,872 
819,888 
2,274,528 
1,005,024 
1,930,704 
2,512,560 
52,896 
555,408 
687,648 
449,616 
290,928 
2,803,488 
158,688 
211,584 
1,428,192 
1,216,608 
3,173,760 
4,549,056 


Scenedesmus 
obliquus 


~ 105,792 
105,792 


105,792 
423,168 
317,376 
211,584 
105,792 


Asterionella 
gracillima 
(large) 


“52,896 
105,792 
“16,000 


105,792 
79,344 


Scenedesmus 
quadricauda 


952,128 
952,128 
1,057,920 
581,856 
158,688 
158,688 
52,896 


alata 


Schroederia 
Setigera 


~ 105,792 


Bacillaria 
paradoxa 


39,672 
1,200 
6,400 
9,600 
8,000 

12,800 

19,200 
9,600 
6,400 

25,600 
9,600 
6,400 

581,856 

41,600 
264,480 
185,136 
211,584 
105,792 


Stigeoclonium 
sp. 


Cocconeis 
pediculus 


Ttotal 
Chlorophyceae 

3,200 
528,960 
224/384 
16,000 
148,992 
277,270 
168,288 
998,528 
2,160,640 
3,034,272 
2,997,376 
1,484,288 
4'827,840 
8,251,776 
5,539,584 
5,420,992 
4,058,496 
4,371,480 
6,288,960 
7,212,048 
7,774,016 
2397,224 
2'628,518 
1,889,760 
713,248 
677,856 
249,232 
194,736 
19,200 
56,096 
20,400 
110,792 


Cyclotella 
spp. 
687,648 
1,031,472 
1,533,984 
515,736 
740,544 
1,295,952 
1,216,608 
2,136,496 
10,955,872 
6,030,144 
3,967,200 
3,358,896 
2,115,840 
819,888 
714,096 
1,428,192 
766,992 
846,336 
476,064 
1,269,504 
1,110,816 
2,539,008 
2,856,384 
1,745,568 
608,304 
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TaBLE 2.—OrGANISMS PER Cupic METER IN PLANKTON OF 


San Joaquin River in 1913—(Continued) 


Asterionella 
Asterionella gracillima 
gracillima (large) 
4,866,432 2,962,176 
608,304 52,896 
0 79,344 


"12,800 


79,344 


Cymbella 
affinis 


Cymatopleura 
solea 


Amphiprora 
alata 


Cymbella 


eymbiformis 


Bacillaria 
paradoxa 


3,702,720 
21,528,672 
15,392,736 

4,760,640 

2,062,944 

4,972,224 

846,336 

4,453,264 

3,067,968 

1,692,672 

1,481,088 

528,960 
317,376 

76,800 
158,688 
105,792 

19,200 
290,928 

1,322,400 

2,909,280 

2,195,184 

555,408 

1,216,608 


Cymbella 
sp. 


Cocconeis 
pediculus 


Cymbella 
tumida 
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Cyclotella 
spp. 
396,720 
423,168 
1,269,504 
5,130,912 
10,050,240 
10,261,824 
3,596,928 
3,332,448 
9,045,216 
14,176,128 
14,176,128 
14,493,504 
15,868,800 
11,954,496 
17,783,116 
49,300,272 
42,750,016 
31,218,700 
8,569,152 
3,702,720 
3,279,552 
1,533,984 
1,246,056 
795,040 
1,216,608 
1,904,256 
1,190,160 


Diatom 
unidentified 


105,792 
3,200 
317,376 


6,400 
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TaBLe 2.—ORGANISMS PER Cusic METER IN PLANKTON OF 
San Joaquin River 1n 1913—(Continued) 


Cymatopleura Cymbella Cymbella Cymbella Cymbella 
solea affinis eymbiformis sp. tumida 
Been eet ke 3,200 
eeaee 3,200 
6,400 sasheece 
12,800 ae 
eta eine Saee 105,792 
2 SOON eeeecces : 
12,800 asees v-teeseee 
12} 200 ee 
eee 211,584 
211,584 
105,792 
6,400 
TPAS\O\U  eeepeccoseaces 
1,600 
Bs2O0)-  “kecastesistescde §) eeeecee eee 
: 1,600 S200!) csesssessee teu Bee 
OYS00) —— eeecbeercssn 39000) ae 3,200 
Sera % 1,600 siiewresteneers shares 
Epithemia Eunotia Fragillaria Fragillaria Fragillaria 
ocellata sp. capucina crotonensis sp. 
400 
2,400 
39,672 
9,600 
ee 6,400 
a 12,800 
: 12,800 
12;800 _...... 12,800 
ae 16,000 
S200 ease 28,800 
3,200 132,240 
3,200 35,200 
6,400 _...... 22,400 
3,200 79,344 
3,200 105,792 an 
Bee: eed epee sees 158,688 Bt ference Pertti 
3,200 eens oN 158,688 52,896 158,688 
6,400 le reeisoee 79,344 arene 105,792 
105,792 ecacedideetiate 19,200 share 
6,400 Pe 19,200 
423,168 teens 12,800 
51,200 105,792 51,200 
12,800 ene seb red 19,200 
1,600 : 22,400 
11,200 79,344 
55000 ee 6,400 
GOOD) | Moen aes Peters 
6,400 6,400 
3,200 6,400 
6400). 2 es 6,400 
12,800 6,400 
6,400 6,400 
123000 TR Al ee bee 


[ Vou. 22 


Diatom 
unidentified 


Gomphonema 
constrictum 
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Tasie 2.—OrGANISMS PER Cusic Meter In PLANKTON OF 


Epithemia 
ocellata 


Gomphonema 
sp. 


San Joaquin River 1n 1913—(Continued) 


Eunotia 
sp. 


Gyrosigma 


acumimatum 


“105,792 
423,168 


25,600 


Fragillaria 
capucina 


105,792 
105,792 


25,600 


12,800 
6,400 
6,400 

12,800 
1,600 
3,200 
3,200 


6,400 


Gyrosigma 
kiitzingii 


2,000 


1,200 
13,224 
6,400 
52,896 
6,400 
6,400 
3,200 
3,200 
79,344 
79,344 
132,240 
79,344 
25,600 
158,688 
4/800 
158,688 
79,344 
211,584 
158,688 
83,200 
38,400 
211,584 
12,800 
12,800 
132/240 
105,792 
19,200 
264,480 
264,480 
264,480 
317,376 
370,272 
423,168 
423,168 
317,376 
105,792 
25,600 


Fragillaria 
crotonensis 


Gyrosigma 
scalproides 


~~ 12.800 
476,064 
846,336 


Fragillaria 
sp. 


Mastogloia 
braunii 
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Gomphonema 
constrictum 


Melosira 
granulata 


26,448 
19,836 
30,060 
85,956 
608,304 
502,512 
634,752 
1,428,192 
343,824 
925,680 
3,438,240 
1,877,808 
1,533,984 
396,720 
3,808,512 
7,696,368 
6,056,592 
1,243,056 
1,586,880 
3,491,136 
2,274,528 
4,866,432 
4,654,848 
3,279,552 
8,198,880 
19,016,112 
11,372,640 
19,994,688 
27,294,336 
26,871,168 
65,273,664 
61,465,152 
74,636,256 
169,478,784 
141,443,904 
180,057,984 
101,242,944 
98,809,728 
55,646,592 
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1913 
10/ 4 
10/11 
10/18 
10/26 
iil i 
11/ 8 
11/15 
11/22 
11/30 
12/ 6 
12/14 
12/20 
12/27 
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Gomphonema 
sp. 
105,792 
105,792 


Melosira 
granulata A 
(small) 


5,368,944 
1,600 
1,243,056 
290,928 
238,032 
52,896 
185,136 


211,58 


San Joaquin River In 1913—(Continued) 


Gyrosigma 
acuminatum 


423 168 


Melosira 
varians 


52,896 
4,800 
39,672 
79,344 
79,344 
44/800 
185,136 
105,792 
158,688 
105,792 
449.616 
264,480 
290,928 
343,824 
185,136 
528,960 
581,856 
502,512 
634,752 
1,163,712 
634,752 
1,216,608 
793,440 
317,376 
238,032 
449,616 
132,240 
238,032 
105,792 
158,688 
158,688 
158,688 
12,800 
105,792 


105,792 
105,792 


Gyrosigma 
kitzingii 
105,792 
105,792 
211,584 


12,800 
105,792 
52,896 
6,400 
1,600 
79,344 
3,200 
1,600 


Navicula 
affinis 


Gyrosigma 
scalproides 


Navicula 
alpestris 


3,200 


12,800 
105,792 


Mastogloia 
braunii 


Navicula 
bacillum 


[ Vou. 22 


Melosira 
granulata 


45,914,928 
73,852,864 
25,505,920 
12,483,456 
12,007,392 
4,178,784 
1,481,088 
3,041,520 
14/176,128 
2,142,288 
608,304 
846,336 
661,200 


Navicula 
didyma 


185,136 
185,136 
343,824 
793,440 
634,752 

1,005,024 

1,322,400 
581,856 
211,584 

79,344 

79,344 

52,896 
105,792 
105,792 
105,792 
158,688 
105,792 
317,376 
740,544 
211,584 
105,792 
105,792 
211,584 
211,584 
317,376 


3,200 
211,584 
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TABLE 2.—OrGANISMS PER Cusic METER IN PLANKTON OF 


Melosira 
granulata A 
(small) 


Navicula 
dubia 


San Joaquin River ry 1913—(Continued) 


Melosira 
varians 


211,584 
105,792 
12,800 
19,200 
52,896 
79,344 
52,896 
12,800 
423,168 


Navicula 
gracilis 


1,745,568 
1,586,880 
1,110,816 
1,216,608 
634,752 
132/240 
185,136 
264,480 
528,960 
423/168 
846,336 
793,440 
1,639,776 
2,750,592 
3,649,824 
3,596,928 
2,644,800 
1,798,464 
1,269,504 
846,336 
740,544 
1,481,088 
423.168 
423 168 
52,896 
211,584 
52,896 
185,136 


Navicula 
affinis 


Navicula 
sp. 
59,908 
800 


161,888 
105,792 
105,792 


Navicula 
alpestris 


158,688 


Navicula 
viridis 

400 
800 
13,224 
1,200 
3,200 
3,200 
1,600 
6,400 
3,200 
6,400 
6,400 
6,400 
19,200 
6,400 
3,200 
3,200 
132/240 
185,136 
38,400 
158,688 
211,584 
96,000 
19,200 


211,584 
25,600 
12/800 


Navicula 
bacillum 


52,896 
132,240 


Nitzschia 

acicularis 
39,672 
39,672 
19,836 
59,508 
185,136 
52,896 
105,792 
52,896 
52,896 
133,840 
105,792 
1,600 
264,480 
132,240 
80,944 
105,792 
608,804 
158,688 
52,896 
105,792 
264,480 
1,005,024 
1,216,608 
581,856 
528,960 
581,856 
370,272 
264,480 
740,544 
423,168 
476,064 
158,688 
317,376 
370,272 
846,336 
1,057,920 
634,752 
317,376 
317,376 
846,336 
634,752 
528,960 
423,168 
264,480 
105,792 
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Navicula 
didyma 


Nitzschia 
angularis 


132,240 
79,344 
3,200 
105,792 
79,344 
211,584 
32,000 
25,600 
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TaBLeE 2.—OrGANISMS PER Cusic METER IN PLANKTON OF 
San Joaquin River 1n 1913—(Continued) 


Navicula Navicula Navicula Navicula Nitzschia Nitzschia 
1913 dubia gracilis sp. viridis acicularis angularis 
11/30 Sete ice ATGIOG4 | execs 3,200 52,896 
12/ 6 ere SOG i200) eee eaes weseisearrtyees 79,344 
12/14 pedeeotcpatens 132,240 Reece theat ere Soyo ees 158,688 
PAWPAD). © Sednsracnetoen HSE Hill3 Ones ceven: «etree ie. 1,600 
12/27 Bees EE one 264,480 6,400 3,200 52,896 
Nitzschia Nitzschia Nitzschia Nitzschia Pleurostauron Rhopalodia 
1913 sigma sigmoidea sp. vermicularis parvulum gibba 
1/5 cee rece een me cesta 400 238,032 
LD ee ase oes Rae fee Ae fevge 0 gheseenee ek 145,464 
1/19 Hates 79,344 rates 238,032 
1/25 400 235430) ease ee 522,348 
2/ 2 et, ae ne 4,800 396,720 
2/ 8 iia OF Rec : prone 476,064 
2/15 3:200)" | ieee 12,800 423,168 
2/23 1,600 iecurGan Reese 238,032 
3/1 52,896 subssveheseosvse isivinsseeenees 264,480 
3/ 8 beets 1,600 Porrtrcces 1,600 502,512 
3/15 Rea ee ecas Boe Meets banter 3,200 317,376 
Sy/aNs | iee 3,200 1. GOOM eee 476,064 
BPA) ™ Stereos e! : DBE Sos ssaneee 9,600 581,856 
4/5 Pans oe 3,200 2090) 8 wererarce teens 343,824 
4/13 Missastonedrens 79,344 52,896 Re pans 502,512 
4/19 Nee : see 158,688 dtssiceseteewes 132,240 
4/26 6,400 52,896 a so ieteers seerntneee 661,200 
5/3 3,200 9,600 343,824 econ 449,616 
5/10 52,896 52,896 OMAN ccoctarsocenes 132,240 
5/17 211,584 12,800 108,992 6,400 687,648 
5/24 3,200 6,400 423,168 savevtnve eens 793,440 
5/31 317,376 105,792 8991232 )R ue ce ee 1,216,608 
Vf 2 317,376 105,792 317,376 saasusseeteneee 793,440 
6/16 6,400 12,800 214,784 6,400 211,584 
6/21 3,200 3,200 52,896 wsccnreeeoheeess 79,344 
6/28 3,200 6,400 52896 as 1,600 
Gf ® ee ves 6,400 1,600 3,200 1,600 
7/12 Sukbreteeen hace 185,136 1,600 132,240 
CYL OT pene ead eee LSSiGSSinueceeemeree : 3,200 
7/26 Pe Ee Ae ane eee 3,200 6,400 264,480 
8/ 2 6,400 See 370,272 6,400 105,792 
8/ 9 105,792 rereecee 476,064 iviecesuareee On) Weeer eee : 
8/15 105,792 sree tee 370,272 6,400 105,792 
8/23 211,584 gente eee 2,539,008 105579250 pene , 
8/31 105,792 Desetassee Riiesscrs teen 25,600 105,792 
9/ 6 105,792 Lato ceceens Bia eee erne ee 423,168 eearistoeress 
9/13 MOSS 49 2) me waiadenan © Sersrieetes : BIS) dycesccrecrans 
9/20 105,792 = abate er sees Rosson ees 211,584 nsdn 
9/27 105,792 Seatiees 2 317,376 
10/ 4 317,376 211,584 
WOVAl Aeon 317,376 
10/18 12,800 105,792 
10/26 12,800 
PIV Glug yee 52,896 
L/S Sora. tee 2,896 
LAU Oates 52,896 
11/22 3,200 158,688 
11/30 3,200 132,240 
12/ 6 1,600 52,896 
12/14 3,200 238,032 
12/20 3,200 158,688 
12/27 3,200 211,584 
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TABLE 2.—ORGANISMS Per Cusic Meter IN PLANKTON OF 
San Joaquin River 1n 1913—(Continued) 


Stauroneis 
phoenicenteron 


A 12,800 


Algae 


Surirella 
sp. 


1,084,368 
978,576 
1,798,464 
634,752 
793,440 
1,428,192 
793,44) 
290,928 
528,960 
158,688 
581,856 
423,168 
952,128 
2,539,008 
4,707,744 
1,745,568 
2,010,048 
2,327,424 
1,269,504 
1,481,088 
846,336 
1,163,712 
925,128 
1,269,504 
634,752 
1,163,712 
423,168 
952,128 
83,200 
423,168 
317,376 
185,136 
238,032 
264,480 
528,960 


Closterium 
acerosum 


Synedra 
radians 


476,064 
370,272 
370,272 
105,792 
370,272 
476,064 
1,057,920 
1,057,920 
211,584 
317,376 
317,376 
423,168 
634,752 
105,792 
317,376 
423,168 
52,896 
52,896 
185,136 
1,600 


~ 132,240 
52,896 
1,600 


Closterium 
acuminatum 


Synedra 
ulna 


125,68 

59,508 
469,452 
178,524 
290,928 
264,480 
238,032 
264,480 
185,136 
370,272 
581,856 
290,928 
370,272 
661,200 
687,648 
502,512 
211,584 
502,512 
819,888 
$99,232 
740,544 
687,648 
687,648 
423.168 
211,584 
290,928 

79,344 
158,688 
105,792 
211,584 


$46,336 
634,752 
476,064 
158,688 
105,792 
158,688 
158,688 
317,376 
185,136 
132,240 
264,480 


Closterium 
rostratum 


Tabellaria Total 
sp. Bacillariaceae 
400 5,809,536 
. 2251768 
10,974,996 
2,663,576 
11,996,848 
12,933,536 
5,016,736 
6,856,748 
13,325,744 
11,019,120 
10,801,04 ) 
9,134,064 
14,115,040 
cess 5,260,608 
eee sous 8,892,336 
ieee . 14,298,672 
ees) 11,305,248 
7,678,572 
10,505,408 
16,196,288 
11,764,928 
21,702,976 
22,407,344 
16,107,296 
Pee | LOTS DH264 
6,400 29,834,352 
mec III EBS By 
: . 25,030,060 
3,200 43,575,008 
sees wi. 44,644,352 
3,200 102,741,536 
at hs 90,369,664 
90,117,192 
193,347,650 
178,086,636 
211,605,800 
132,958,752 
123,920,832 
74,461,376 
72,648,572 
132,110,672 
71,980,864 
47,266,700 
22,980,768 
10,205,536 
5,766,976 
6,451,616 
18,058,240 
11,466,384 
6,252,552 


Siuiagctihitee 4,821,440 
bis ec 5,190,960 
Mougeotia Spirogyra 
sp. protecta 
800 
400 
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San Joaquin River 1n 1913—(Continued) 


Algae Closterium 

unidentified acerosum 
eed. 3,200 
6,400 


25,600 


Spirogyra Staurastrum 
A 


Closterium 
rostratum 


Closterium 
acuminatum 


Mougeotia 
sp. 


Staurastrum Total 
sp. Conjugatae 


1,600 
1,800 
3,200 

21,436 


Total 
Chlorophyll 
bearing 
5,814,336 
2,278,204 
13,272,348 
3,660,576 
13,769,920 
16,125,644 
8,114,160 
9,711,436 
14,171,888 
11,555,584 
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Spirogyra 
protecta 


5,813,936 
2/275,804 
11,008,244 
2,733,296 
12,047,440 
13,124,668 
5,146,432 
7,198,124 
13,400,944 
11,348,448 
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TaBLE 2.—ORGANISMS PER Cusic METER IN PLANKTON OF 
San Joaquin River 1n 1913—(Continued) 


Spirogyra 
sp. 


12,800 


Ceratium 
hirundinella 


Staurastrum 
A 


1,600 
52,896 
105,792 
12,800 
158,688 
6,400 
476,064 
211,584 
423,168 
317,376 
211,584 
740,544 
1,057,920 
740,544 
211,584 
211,584 
105,792 


Cercomonas 
crassicauda 


Staurastrum 
sp. 


1,600 


~ 3,200 


1,600 


3,200 

3,200 
423168 
105,792 
317,376 
423,168 
317,376 
105,792 
105,792 
105,792 
105,792 


Chlamydomonas 
sp. 


Total 
Conjugatae 
3,200 
11,200 
6,400 
252,432 


3,200 


6,400 
3,200 
6,400 
9,600 
12,800 


12,800 
6,400 
17,600 
60,896 
667,600 
392,672 
653,952 
838,240 
1,205,292 
532,160 
865,536 
5,206,608 
817,344 
1,836,864 
1,599,680 
766,144 
423,068 
660,350 
105,792 


6,400 


62,688 
6,400 
9,600 
3,200 
4,800 
5,200 

80,944 


Chromulina 


290,928 
978,576 
105,792 
158,688 


Total 
Chlorophyll 
bearing 

11,562,384 
10,227,840 
16,907,984 
5,806,320 
9,506,848 
14,702,392 
11,812,464 
8,145,788 
10,720,192 
17,202,816 
12,260,192 
24/202 408 
24,771,482 
17,318,816 
20,548,016 
31,173,494 
15,385,292 
30,992,964 
58,626,280 
60,004,896 
114,102,688 
100,712,962 
101,975,404 
214,321,570 
196,911,420 
226,118,120 
148,511,000 
137,149,848 
90,015,440 
90,224,744 
147,152,542 
84,014,960 
58,621,362 
29,859,648 
14,369,824 
11,064,384 
13,861,008 
22,768,336 
16,767,936 
9,313,272 
7,212,112 
6,237,032 


Dinobryon 
sertularia 


1,600 
3,200 


209 


Total 
Algae 

11,291,504 
9,487,296 
15,208,872 
5,957,008 
9,134,224 
14,595,000 
11,634,576 
7,879,708 
10,508,608 
17,074,624 
12,148,000 
23,197,384 
23,848,336 
16,754,656 
20,264,432 
31,110,998 
14,671,196 
29,847,700 
52,641,128 
52,222,784 
111,419,488 
97,689,996 
99,939,656 
210,788,834 
193,606,268 
221,453,864 
143,032,200 
133,713,304 
85,113,408 
82,463,528 
141,298,382 
75,340,016 
50,145,202 
25,702,368 
10,931,584 
6,836,096 
6,791,392 
18,321,872 
11,490,384 
6,316,648 
4,901,536 
5,440,392 


Eudorina 
elegans 


400 
2,800 
2,000 

800 
30,800 
22,400 
19,200 

158,688 

22.400 
28,800 


158,688 
502,512 
6,400 
25,600 


© 90 00.00 9: 
co 
2 
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TaBLE 2.—ORGANISMS PER Cusic METER IN PLANKTON OF 
San Joaquin River 1n 1913—(Continued) 


Ceratium 
hirundinella 


Euglena 
viridis 


Cercomonas 
crassicauda 


Flagellate 
unidentified 


Chlamydomonas Chromulina 


sp. 


Hemidinium 
nasutum 


~ 105,792 
264,480 
158,688 


2,644,800 
4,347,472 
7,088,064 
5,183,808 
7,722,816 
8,251,776 
3,914,304 
2,962,176 
3,914,304 
6,717,792 
4,231,680 
5,183,808 
2,988,624 
2,142,288 

793,440 


Pandorina 
morum 


Eudorina 
elegans 


Dinobryon 
sertularia 


ore 
12,800 


38,400 


Phacus 
pleuronectes 


Peridinium 
einctum 
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TaBLE 2.—OrGANISMS Per Cusic METER IN PLANKTON OF 


San Joaquin River In 1913—(Continued) 


Euglena Flagellate Hemidinium Pandorina 
viridis unidentified nasutum morum 


eaettoeee. 105,792 
6,400 
a edawees once 1,600 
1S TUSED | Cesena am NOR eae iv 
Pa 2: A epee sa 105,792 
OS (SZ REEpE Cee te Ae Pee 3,200 
S120 mag | Ra 6,400 
3,200 Paeviceteses 105,792 105,792 
3,200 Sieseoneet ieee 211,584 Se er ehie 
6,400 Seiecencnestetise 105,792 AE 
soe Oe siescten 5 a , ee 13;800 
Spacsrececere peetveac estates 211,584 wees seGsteRSaEeS 
tee me Sees 105,792 105,792 
IOs coma ee os Cane reas 
SCeER TCE Sanserneaes Saat 211,584 pyaar ct eenoaene 
105,792 beens 28°96 0 mame 
ane CORNeRtoco to | Res eres 6,400 
nee | 6,400 
Cores TE 52,896 
52,896 
nae ee te mer ee 3500 
52; SOG Mn een Nate 2 Staite 6,400 
Platydorina Pleodorina Pleodorina Pteromonas 
caudata californica illinoisensis sp. 


Peridinium 
ecinetum 


211 


Phacus 
pleuronectes 


Trachelomonas Trachelomonas 


euchlora 


~ 132,240 
79,344 
79,344 


132,240 
52,896 


volgensis 
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TABLE 2.—ORGANISMS PER Cusic METER IN PLANKTON OF 


Platydorina 
caudata 


Trachelomonas 


volvocina 


1,600 


~ 105,792 
52/896 
105,792 
1,600 
105,792 
317,376 
317,376 
105,792 
F2'896 
52.896 
1,600 
3/200 
211,584 


San Joaquin River 1n 1913—(Cotinued) 


Pleodorina 
californica 


158,688 
105,792 
158,688 
105,792 


Volvox 
aureus 


"25,600 


Pleodorina 
illinoisensis 


Pteromonas 
sp. 


[ Vou. 22 


Trachelomonas Trachelomonas 
volgensis 


euchlora 


Total 
Mastigophora 


2,800 
2,264,104 
927,280 
1,622,480 
3,000,976 
3,028,528 
2,592,656 
770,944 
217,136 
270,880 
793,440 
1,699,072 
166,688 
372,624 
107,392 
177,888 
266,080 
211,584 
131,392 
112/192 
1,005,024 
1,028,888 
564,160 
283,584 
62,496 
714,096 
1,145,264 
5,985,152 
7,807,712 


Amoeba 
proteus 


Amoeba 
radiosa 


Arcella 
vulgaris 
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TaBLE 2.—OrGANISMS PER Cusic METER IN PLANKTON OF 
San Joaquin River 1n 1913—(Contiriwed) 


Trachelomonas Volvox Total Amoeba Amoeba Arcella 
1913 volvocina aureus Mastigophora proteus radiosa vulgaris 
oy) PO sere ees 12,800 Z21696;0005 eee: Lash 
3 Ci 6,400 3,029,366 
8/15 USS GSS eyes ; 2,035,748 
8/23 264/480 6,400 —3'644,928 
8/31 423,168 eccesasctssneers BOZZOZSe lei, eee | cee 
9/ 6 317,376 ae 4,664,256 
9/13 740,544 5,491,600 eee ONO aces aunt ae 
9/20 317,376 3,436,544 PW SS457 ec 
9/27 423,168 4,902,032 pret 
10/ 4 528,960 7,761,216 Eee a eee 
10/11 423,168 5,959,952 105,792 
10/18 317,376 8,780,736 ae 
10/26 211,584 8,581,952 W2iSOON | Vee cere 
yf ak 158,688 4,157,280 52,896 
11/.8 211,584 3,438,240 sen Seals ee 
W/15 + 105,792 4,281,184 158,688 
11/22 158,688 7,096,616 erase: 
11/30 52,896 ARAAG AGE coors Coe Bceene 
12/ 6 79,344 DLO LI | ence IN | Mticeeece rs 
12/14 1,600 2,996,624 ee As ne 
12/20 52,896 2,310,576 te Pee 1,600 warduaatnerene 
12/27 1,C00 796,640 Panes Wl eeceseatteens ee Te 
Cyphoderia Difflugia Difflugia Hyalodiscus Microgromia Total 
1913 ampulla corona pyriformis sp. socialis Rhizopoda 
OMEN Ta crore tN Wecocteccs, | | Sis isereee y bivtssiirety | El neiteromin! © Wirz seeders 
VUZE een Whee | SN nthe) 9 Vaenacnstaty|  fhW@anuieee « Jina’ 
LU/s9 Ee nen ae eh ne em eet ER 0S te 
He 2O men eee | occedecstee 40 ON CRUE Bianca 400 
2/ 2 1,600 1,600 
2/8 1,600 1,600 
2/15 12,800 12,800 
2/23 19,200 98,544 
3/ 1 3,200 4,800 
3/ 8 9,600 12,800 
VALS MEME te aoe eee ccm een | RSE SNe) netssesehcce®  ouresars bes 
GPa” | ROE, diesen NL rene eee ame 1,600 
OM ee hrs sticcn - o SG emceeaes 3,200 
4/5 6,400 16,000 
4/13 6,400 8,000 
4/19 79,344 132,240 
4/26 32,000 88,096 
MRI eceteensses | Naceassccedesves © veddeceauveedease TAN 
5/10 see af. 
5/17 19,200 22,400 
5/24 6,400 6,400 
5/31 634,752 634,752 
6/ 7 793,440 104,944 
6/15 158,688 158,688 
t /21 211,584 211,584 
6/28 185,136 189,936 
7/5 158,688 158,688 
7/12 132,240 146,640 
HIND) eee ete te pny ee barry ee Peni acaeieeree as 3,200 
7/26 12,800 158,688 171,488 
8/ 2 6,400 158,688 168,288 
RY ROMME NC recy 2s Saree: 3,200 
8/15 19,200 105,792 131,392 
YES). toon peierrean, UL EEE oPOneeeE Deen UMMENEERePerer eee ees ee 108/688 1,189,312 
8/31 105,792 317,376 211,584 647,552 
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TABLE 2.—ORGANISMS PER Cusic METER IN PLANKTON OF 
San Joaqutn RIVER 1n 1913—(Continued) 


Cyphoderia Difflugia Difflugia Hyalodiscus Microgromia Total 
ampulla corona pyriformis sp. socialis Rhizopoda 
12,800 econ 25,600 edie vee 317,376 567,360 
aaa eer ee wane Pe cnee sates Retocrepsccesoce 211,584 211,584 
V2 800 eeecte tees MMOS 1 easscoecieton es 330,176 
12'300 ee nee 12,800 105,792 131,392 
ae eee eta os lier seks ediinoede certs 846,336 $46,336 
[DIROOR | eevee ean aerene 105,792 105,792 330,176 
B sgeesteeensse Pn eeeerheed seesuecccteetaee eeececaceosspene 211,584 211,584 
oh bt a ee 105,792 211,584 330,176 
etn 5 Pe caaecc 52,896 52,896 158,688 
asa 52,896 1O5<70200 meneeeetnennnn 211,584 
yd ae ae ee 158,688 
3.200 6,400 
Pepeasenncy | meet ease 1,600 1,600 
3,200) (pee 3,200 
Leet Ee Se 1,600 3,200 
1,600 S600) Reeser 11,200 

Heterophrys Heterophrys Nuclearia Pinaciophora Raphidiophrys 
fockei sp. simplex fluviatilis elegans 


1,600 
Sea ates 476,064 - 
vee 211,584 211,584 
3,200 317,376 105,792 
6,400 211,584 105,792 
es « 317,376 476,064 
pect eone Be 211,584 
men 5 pe 634,752 
erieety ® 38,400 105,792 | 
12,800 1,269,504 105,792 


105,792 1,481,088 
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TABLE 2.—OrGaAnisms PER Cusic METER IN PLANKTON OF 
San Joaquin River rn 1913—(Continued) 


Actinophrys 
sol. 
12,800 


Total 
Heliozoa 


3,200 
476,064 


423,168 
426,368 
429,568 
317,376 
211,584 
634,752 
144,192 
1,388,096 
1,586,880 
2,962,176 
1,586,880 
435,968 
435,968 


Heterophrys 
fockei 


2,962,176 
317,376 
12,800 
105,792 


Chilodon 
sp. 


Heterophrys 
sp. 


Ciliate 
unidentified 


185,136 


~ 105,792 


Nuclearia 
simplex 


Coleps 
hirtus 


Pinaciophora 
fluviatilis 


1,269,504 
423/168 
317,376 


"52,896 
1,600 
1,600 


Cyclidium 
sp. 


105,792 

3,200 
105,792 
105,792 
105,792 


~ 105,792 


Raphidiophrys 
elegans 


105,792 
52.896 
1,481,088 


1,600 


Epistylis 
sp. 


216 
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Total 
Heliozoa 


105,792 


harpa 


"264,480 
9,600 


San Joaquin River 1n 1913—(Continued) 


Chilodon 
sp. 


Euplotes 
patella 


Ciliate 


unidentified 


Holophrya 
sp. 


105,792 
79,344 


211,584 
317,376 
158,688 
528,960 
158,688 


"211,584 


634,752 
105,792 
211,584 
105,792 


Coleps 
hirtus 


Cyclidium 
sp. 


[ Vou. 22 


Epistylis 
sp. 


Paramecium 
aurelia 


Paramecium 
bursaria 


3,200 


sp. 
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TaBLe 2.—OrGANIsMsS PER Cusic Meter IN PLANKTON OF 
San Joaquin River rn 1913—(Continued) 


Euplotes Euplotes Holophrya Paramecium 
harpa patella sp. aurelia 
BICOGE ss 1GOO™ hone 
OOM ete ae Ti dy erica 
Lae 1,600 
Stentor Stentor Tintinnidium Vorticella 
coeruleus niger fluviatile longifilum 


52,896 


Paramecium Prorodon 
bursaria sp. 
Vorticella Total 

sp. Ciliata 

800 
800 
4,800 
297,328 
F 9,600 
: 162,640 
; 148,240 
: 558,708 
Sie 110,592 
Pi 529,712 
Pane 429,568 
3,200 303,728 
79,344 213,184 
Ps seictdace 379,872 
ante ee 216,384 
132,240 249,232 
Behe ec ten oe 6,400 
158,688 373,472 
264,480 532,160 
793,440 806,240 
793,440 1,017,824 
158,688 267,680 
105,792 105,792 
3/200 4.800 
211,584 211,584 
211,584 211/584 
1,057,920 1,269,504 
528,960 846,336 
1,057,920 1,219,808 
846,336 1,481,088 
793,440 1,057,920 
370,272 383,072 
1,692,672 2,115,840 
317,376 317,376 
952,128 1,163,712 
423,168 1,163,712 
846,336 952,128 
528,960 846,336 
423,168 634,752 
528,960 634,752 
317,376 342,976 
423,168 554,560 
52,896 330,176 
52,896 487,168 
ee ae 121,792 
1,600 1,600 
1,600 60,896 
crenveewntets 9,600 
132,240 137,040 

Beat 6,400 
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San Joaquin River 1n 1913—(Continued) 


Acineta 
sp. 


~ 3,200 


~~ 6,400 


~ 105,792 


Collotheca 
egg, attached 


Podophrya Sphaerophrya 


sp sp. 


19,200 

~ 25,600 

12,800 

38,400 

~ 25,600 

3,200 

3,200 3,200 

3,200 1,600 
1,600 

Collotheca Collotheca 

pelagica sp. 


Total 
Suctoria 


~~ 3,200 


6,400 
19,200 
105,792 
"25,600 
12,800 
144,192 


"25,600 
105,792 


3,200 
6,400 
4,800 
3,200 


~ 1,600 


Total 
Rhizota 


without 
Mastigophora 


307,680 
249, 232 
6,400 
395,872 
538,560 
1,440,992 
1,122,768 
426,368 
370,272 
194,736 
370,272 
367,824 
1,907,456 
1,017,824 
1,811,264 
1,929,856 
1,724,672 
1,889,760 
2,974,976 
1,519,488 
1,519,488 
2,907,584 
2,683,200 
4,799,040 
2,551,808 
1,307,904 
1,214,912 
819,040 
594,650 
2,179,840 
132,992 
11,200 
67,296 
16,000 
140,240 
19,200 


Rotaria 
neptunia 


[ VoL, 22 


Total Protozoa Total Protozoa 


wit. 
Mastigophora 


7,585,232 
12,560,256 
8,511,760 
10,088,640 
9,796,364 
4.976,320 
4,032,896 
6,461,024 
7,202,608 
4,457,664 
5,344,848 
3,012,624 
21450,816 
815,840 


Rotaria 
rotatoria 


2,000 
4.400 
52,896 
26,448 
107,392 
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Collotheca 
egg, attached 


$3,200 
83,200 


12,800 


12,800 
128,300 
75,800 
211,584 
105,792 


"25,600 
3/200 


Rotifer egg, 
winter 


San Joaquin River 1n 1913—(Continued) 


Collotheca 
pelagica 


38,400 
140,800 
115,200 

51,200 
211,584 

12,800 

6,400 

25,600 

3,200 


Rotifer egg, 
unidentified 


Collotheca 
sp. 


Rotifer 
unidentified 


800 
6,000 
6,400 

19,200 
3,200 


Total 
Rhizota 


"248,288 


400,576 
12,800 


51,200 
51,200 
51,200 
268,800 
192,000 
262,784 
317,376 
12,800 
6,400 
51,200 
6,400 


Total 
Bdelloida 


2,000 
4,400 
54,096 
34,848 
113,792 
76,800 
16,000 
92,144 
33,600 
132,240 


Rotaria 
neptunia 


3,200 


3,200 


6,400 
12,800 


12,800 
25,600 
25,600 
12,800 

6,400 


6,400 


3,200 


Anureaopsis 
fissa 


219 


Rotaria 
rotatoria 


57,600 
12,800 
79,344 
32,000 
80,000 
79,344 
185,136 
22,400 
9,600 


6,400 
6,400 


3,200 


6,400 
12,800 


19,200 


6,400 
12,800 


Anureaopsis 
sp. 
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San Joaquin River In 1913—(Continued) 


Rotifer 
unidentified 


9,600 


Rotifer egg, 
unidentified 


Rotifer egg, 
winter 


25,600 
211,584 
105,792 
105,792 

38,400 
211,584 


3,200 


Brachionus 
angularis 


Asplanchna  Asplanchnopus 
brightwellii sp. 


Total 
Bdelloida 


88,944 


6,400 
174,688 
64,000 
19,200 
224/384 
25,600 
224/384 
105,792 
156,992 
64,000 


Brachionus 
angularis 
caudatus 


[ Vou. 22 
Anureaopsis Anureaopsis 
fissa sp. 


Brachionus __ Brachionus 
budapestenensis_ calyciflorus 


J eeeae 800 
1,200 
1,200 
4,000 
1,600 

44,800 

132,240 

41,600 
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San Joaquin River rn 1913—(Continued) 


Asplanchna Asplanchnopus  Brachionus 
brightwellii sp. angularis 


Brachionus Brachionus 
Brachionus egg, attached egg, attached 
eapsuliflorus female male 


ee. omy CALS 6,400 


Brachionus 
angularis 
caudatus 


211,584 
105,792 
1,005,024 
12,800 
317,376 
25,600 
38,400 
317,376 
51,200 


Brachionus 
egg, free 
female 


800 
4,000 
400 
800 
1,600 


Brachionus 
budapestenensis 


19,200 
12/800 
105,792 


Brachionus 
patulus 


Brachionus 
calyciflorus 


Brachionus 
plicatilis 
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TaBLe 2.—OrGANISMS Per Cusic METER IN PLANKTON OF 
San Joaquin River 1n 1913—(Continued) 


Brachionus Brachionus Brachionus 
Brachionus egg, attached egg, attached egg, free Brachionus 
capsuliflorus female male female patulus 


vat 3200. Sic. uemeneseG 
BELLE Lg Gnents, 1,600 
1,600 


3,200 1,600 
‘ ; : Epiphanes Filinia 
Brachionus Diurella Epiphanes egg, attached egg, attached 
urceus egg, free clavulata female female 


[ Vou, 22 


Brachionus 
plicatilis 
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TaBLE 2 —OrRGANISMS PER Cusic METER IN PLANKTON OF 
San Joaquin River 1n 1913—(Continued) 


Epiphanes Filinia 
Brachionus Diurella Epiphanes egg, attached egg, attached Filinia 
1913 urceus egg, free clavulata female female egg, free 
6/28 25,600 79,344 eee = 9,600 1,600 
Uf Sisevewssssseots 158,688 : 5 : vec deacevcsassesces 1,600 
7/12 3,200 1,031,472 Be ; bs : ot Serres tec 238,032 
7/19 38,400 476,064 eschades ; eee Ss. Ses Pare 
7/26 12,800 317,376 wes hed: eee 3,200 
8/ 2 105,792 423,168 ee hates Wh Me res 528,960 
8/9 51,200 158,688 aor a pees 3,200 
8/15 6,400 528,960 12,800 6,400 Cassese 158,688 
Sy DOMME ee ee 1,110,816 64,000 12,800 Siaseneayetssves 158,688 
8/31 38,400 317,376 76,800 eo ie ae. 528,960 
9/ 6 Resssscaigareee ae 12,800 12,800 , : wes : 
9/13 12,800 952,128 64,000 25,600 : : 105,792 
9/20 12,800 - 2 38,400 : F Eeees 105,792 
9/27 seasreesedee 528,960 38,400 ‘ ; : 211,584 
10/ 4 Secrets 846,336 12,800 Serr : Sesevneseee 105,792 
1) eects ; 528,960 ' ie dexiheaszc oes 105,792 
10/18 12,800 105,792 12,800 Stone eee 
10/26 12,800 25,600 rie : 
11/1 jae a 
ILE tie a asereersetnk Bete 
iii 
11/22 
11/30 
12/ 6 cars 
12/14 1,600 
i RE MS | eee) | OaceREMECE & MSusisctgstasiy -aeees cle 
IEDR ceovanstbacesaala Ate ne ea ee ama fa an mua ae SS 
Filinia Keratella Keratella Keratella Keratella Lecane 
1913 longiseta cochlearis egg, attached egg, free quadrata luna 
iL! aerate 400, Pe occes Misi eet 1,200 1,200 
1/12 1,200 800 2,400 1,200 
AUG 4008 eeccs: 2 1,200 19,836 1,600 
1/25 1,200 Lecce 33,060 1,200 
Dif 2 3,200 1,600 17,600 20,800 
2/8 6,400 16,000 132,240 22,400 reese : 
2/15 12,800 6,400 132,240 6,400 3,200 
2/23 99,200 25,600 6,400 6,400 See cocesee 
Bye Al 32,000 12,800 $242 Beseess 
3/ 8 238,032 158,688 : : 19,200 
3/15 211,584 52,896 : 9,600 
3/23 555,408 211,584 1,600 79,344 
3/29 264,480 79,344 132,240 158,688 
4/5 264,480 1,600 79,344 19,200 
4/13 105,792 1,600 79,344 28,800 
4/19 eisceeteesoneds 793,440 1,600 185,136 105,792 
4/26 ee ees 132,240 1,600 3,200 41,600 
5/3 1,600 i400 eee 1,600 79/344 
5/10 6400) as te heey: 3,200 44/800 
Sy/Il% © Weeeeeeeeseteee 38,400 Eee 105,792 3,200 
Sy//21 i anes eee 2 iertce : 3,200 12,800 
5/31 12,800 12800)» ee oS 105,792 38,400 
Of! “Ul arene : 38,400 Bae 105,792 one 12,800 
6/16 Perens 32,000 6,400 3,200 158,688 : ; 
6/21 6,400 211,584 9,600 158,688 9,600 
6/28 57,600 238,032 79,344 1,600 os : : 
We 3,200 555,408 Pee ; 185,136 12,800 6,400 
7/12 9,600 1,798,464 “ es 423,168 3,200 ae bis 
T/A.” eee 634,752 Jesueteagsteess 211,584 57,600 
U/P5D, eee 25,600 6,400 ete 12,800 
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TasLEe 2.—OrGANISMS PER Cupic METER IN PLANKTON OF 
San Joaquin River 1n 1913—(Continued) 


Filinia 
longiseta 


Notholea 
striata 


Keratella 
cochlearis 


158,688 


Polyarthra 
trigla 


800 
2,400 
1,200 
2,000 

12,800 
57,600 
19,200 
6,400 
12,800 
105,792 
3,200 
12,800 
16,000 
6,400 
6,400 


158,688 
12,800 


Keratella 
egg, attached 


105,792 
25,600 
105,792 
317,376 
793,440 
528,960 
12,800 
185,136 
52,896 
6,400 
6,400 
6,400 
3,200 


Polyarthra 
trigla egg, 
attached female 


Keratella 
egg, free 


211,584 
211,584 
317,376 
6,400 
52,896 
1,600 
3,200 
1,600 
52,896 


Polyarthra 
trigla egg, 


attached male 


Keratella 
quadrata 


12,800 


sp. 


[ Vou. 22 


Trichocerca 
capucina 
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TasBLe 2.—OrGANISMS PER Cuspic METER IN PLANKTON OF 
San JOAQUIN RIVER 1n 1913—(Continued) 


Polyarthra Polyarthra 
Notholea Polyarthra trigla egg, trigla egg, Synchaeta Trichocerca 
1913 striata trigla attached female attached male sp. capucina 
QYAGN Geass SILC STO! GS Ot Seeding See te aie Beene 
9/13 51,200 a ae 
9/20 38,400 an ties 12,800 
9/27 12,800 12,800 12,800 erates theses 
10/ 4 25,600 Bemeny Me Senn Ae. | Paes ieee 
HQ) AU Messe | OM alae rere 12,800 
10/18 (4G; SOO meses 115,200 211,584 
10/26 25,600 320,000 Pec 
TL ee sharieesesaocse en aoe en eerean mn ay Beer ee 264,480 
IRS eager enrer  L Mats, scsccacettees 317,376 
11/15 Rilcscaienedee 51,200 
11/22 52,896 52,896 
11/30 25,600 22,400 
12/ 6 AEGOO ace: wea 79,344 
12/14 105,792 3,200 79,344 
12/20 52,896 dete 105,792 or 
12/27 3,200 79,344 1,600 
Trichocerca Trichotria Total Total Bosmina Bosmina 
1913 iernis curta Ploima Rotifera longirostris sp. 
Wie 5,200 7,200 
1/12 15,600 20,000 
1/19 27,436 81,532 
1/25 45,060 80,308 
2/ 2 73,600 197,392 
2/ 8 308,240 SS OOF OM mice cc | arene 
2/15 516,816 SS 2:81 Gi reece |S asec 
2/23 380,144 472/288 
3/1 168,000 S01 600m mee yer 
3/ 8 937,632 1,070,528 
3/15 737,152 S26\09GI retires, © ies 
3/23 1,022,432 Le 21OSIGSe Oy cient Onecare 
3/29 733,952 GOD O28 Wr eveetcree,  b xiestonae : 
4/ 5 403,024 419,024 6,400 
4/13 286,032 287,232 3,200 
4/19 1,106,768 1,113,168 Pe 
4/26 293,184 293,184 1,600 
5/ 3 100,144 100,144 Scorn 
5/10 147,200 169,600 
5/17 150,592 156,992 
§/24 200,888 _ 206,688 
5/31 182,592 195,392 
Qi ¢ 208,192 220,992 
6/16 277,088 QM OSS: Bescee aes cs 
6/21 464,672 467,872 
6/28 687,168 690,368 
“5 y 1,002,480 1,005,024 
7/12 (A ee ir renee 3,573,584 3,578,384 
7/19 2 S00R a 1,297,728 L297,728 6400 ......... 
7/26 MOSSO 25S ein 560,768 567,168 
8/ 2 38,400 1,213,216 1,387,904 
8/ 9 19,200 579,968 DAO OGS IS eiceecteeeees O's: ccnecr eee 
8/15 44,800 1,378,112 1,690,400 
8/23 158,688 782,052 1,201,828 
8/31 105,792 1,573,312 1,810,496 
OVAGIN cae: 1,067,328 1,067,328 
9/13 76,800 1,441,920 PSS 720 Gs SOOM saieecssee secre 
9/20 211,584 903,552 1,179,136 
9/27 128,000 685,184 S425 Gi 2D OOO Fics eeeeee es 
10/ 4 64,000 794,368 E2205 GO eel 2: SOO n aaeree renee 


64,000 oe ieseeeeee 637,376 893,376 


Se SE BE Res. CIlOASEG 


~ 12,800 
25,600 
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TABLE 2.—OrGANISMS PER Cuspic METER IN PLANKTON OF 
San Joaquin River 1n 1913—(Continued) 


Trichocerca Trichotria Total Total Bosmina Bosmina 
iernis curta Ploima Rotifera longirostris sp. 


Uskecuedesnsiees 2,830,016 3,422,976 
S receeennce : 3,185,792 3,515,968 
3,949,312 3,981,312 


sveceseessectt z 565,664 629,664 
cere Races $11,040 SLAY» chet gens 
wees eae , 427,872 427,872 Reha tae 
woatseenetareres 154,544 164,144 3,200 
Sor ttavsiateees 239,536 245,936). acentichne 
Saas ; 159,440 165,840 oor 
ohneenasevary 98,544 101,744 6,400 
Sida Total Canthocamptus Cyclops 
sp. Cladocera sp. sp. 


12,800 


1920] 


Allen: Plankton of the San Joaquin River 


TABLE 2.—ORGANISMS PER Cupic METER IN PLANKTON OF 


Chydorus 
sp. 


Total 


San JoAQuin River In 1913—(Continued) 


Sida 
sp. 


Total 
Entomostraca 


400 
1,600 
5,200 
9,600 
3,200 


~ 3,200 
~ 3,200 


1,600 


25,600 
32,000 
12,800 
57,600 
32,000 
64,000 
211,584 
233,792 
169,792 

51,200 


Total 
Cladocera 


Chironomus 
larva 


Canthocamptus 
sp. 


Glochidia 


Cyclops 
sp. 


~~ 6,400 


Insect 
larva 


400 


Nauplius 
sp. 


Macrobiotus 
sp. 
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TABLE 2.—ORGANISMS PER Cupic METER IN PLANKTON OF 
San Joaquin River 1n 1913—(Concluded) 


Nematoda Oligochaete Water Total Total 
sp. sp. mite Miscellaneous Organisms 
5,821,536 
2,299,404 
13,356,680 
3,751,684 
13,983,312 
16,816,012 
8,672,576 
10,530,652 
14,529,728 
13,204,020 
12,502,272 
12,027,616 
18,115,104 
6,880,048 
10,023,664 
16,330,872 
12,421,328 
8,507,964 
10,896,192 
17,784,480 
13,031,040 
25,877,192 
26,220,984 
18,035,072 
21,395,760 
32,071,398 
16,780,444 
34,980,772 
61,889,064 
61,589,888 

117,439,648 

103,235,586 

105,448,076 

217,550,950 

201,760,892 

105,792 229,022,312 
12,800 151,795,800 

141,406,360 
93,592,016 
96,256,744 

150,741,918 
88,902,832 
63,576,626 
34,666,400 
17,158,816 
13,933,184 
14,814,640 
23,213.808 
17,005,776 
9,575,208 
7,518,192 
6,370,776 
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TaBLE 3.—ORGANISMS PER Cusic METer IN PLANKTON OF 
SmituH’s Canau In 1913 


Spirillum Total Anabaena Aphanocapsa Coelosphaerium  Gloeocapsa 

1913 undula Bacteriaceae sp. sp. kiitzingianum  conglomerata 
VALOR eee seeAMy  cceScccesreseseste | ycnsecessesterce 

NAG eects Siasatslad) keel eh 

1/25 

DPE GOORE 16000 anatak. Maoh Cue 

CUM RRO RRL ee eee 

2/15 

2/23 2A Oty ceed ho Re Nae RECS ces 
aya TNGOOI 1 cos eo We ete ft cee 
3/ 8 RN ETT eorialh eon Coro 

3/15 aCe 

3/23 GOO A" ree 

2 eR Boece nih,“ cewcscvebaNistndy eeicheasorees 

4/5 wee 

4/13 3 200 SS ens 

AV LORE preter  Antietickt  Seciieess ies 

4/26 3: 200e ee eee 

5/ 3 C400 Pes eee py eoe eee a cee 
5/10 3,200 

5/17 16,000 

BOM. ieee Ee ae ORT nen ee ie cere : 

5/31 1,600 ites ae pncict bia coro 

6/ 7 3,200 10537925 0 See 

6/16 9,600 3,200 Rete csceene 

6/21 28,800 79,344 

6/28 476,064 US5aS Gr) ese Eee 
Wao 3,200 52,896 sip eee 
7/12 2,036,496 264,480 185,136 
7/19 4,601,952 105,792 Paes 
7/26 4,125,888 264,480 105,792 
8/ 2 793,440 423/168 6.400 
8/ 9 2,697,696 1,163,712 158,688 
8/15 paar tee NE cs thea bs tl Mosca tena acaregnh FE) | nchasansopee 
8/23 1,586,880 158,688 ieee 
8/31 1,481,088 sn eusde EAR 105,792 
9/ 6 2,539,008 igteaeetite of | ties,”  eGeraree 
9/13 1,692,672 211,584 

9/20 sis ccucsdeseeors 528,960 

9/27 12,800 25800; Oe Mek Cee Ne Teta 
10/ 4 12,800 12,800 
10/11 mere ee 211,584 
10/18 12,800 vere Be ee NALS coca 
10/26 sce dssnneness 6,400 
IV MEE eee ee ee, | ODB9Gk © Once: 
11/ 8 
yee OOOrse We MIGOOM 4 cnstieec || UfkeSieccss) , exesnceeeetaet / -Geactess 
io) Me Ne Oki WEE bots WR hin ode 
11/30 
12/ 6 
12/14 
12/20 
N2IPU apenas rs 

Inactis 
Gloeocapsa Gomphosphaera tinctoria Merismopedium Nostoe 

1913 sp. aponina Agardh glaucum sp. 
Veen chiki wt leben Ecce et) CA fee 
1/19 

1/25 

2/2 

2/ 8 
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TaBLe 3.—OrGANISMS PER Cusic METER IN PLANKTON OF 


Gloeocapsa 
sp. 


740,544 
317,376 


6,400 
52,896 
158,688 
105,792 
52,896 
52,896 
79,344 
1,600 
133,840 


Oscillatoria 
formosa 


SmituH’s Cana In 1913—!Continued) 


Inactis 
Gomphosphaera tinctoria 
aponina Agardh 


1,163,712 
6,030,144 
7,934,400 

952,128 
1,586,880 
11,319,744 

423,168 
ee 528,960 
ee dct 317,376 


“52,896 


Oscillatoria Oscillatoria 
sp. tenuis 


Merismopedium Microcystis 
glaucum 


52,896 


sp. 


158,688 
264,480 
211,584 
370,272 
211,584 
211,584 


Phormidium 
Spp. 


3,200 
66,120 
1,600 
3,200 
52,896 
185,136 
1,600 


~ 52,896 
79/344 
317,376 


sp. 


[ VoL. 22 


16,000 
6,400 
304,384 
2,062,944 
581,856 
1,110,816 
687,648 
1,216,608 
1,322,400 


3,491,136 
740,544 
1,057,920 
2,644,800 
634,752 
317,376 
317,376 


Total 
Schizophyceae 
400 
3,200 
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TaBLE 3.—OraGaANisms Per Cupic Mrrer IN PLANKTON OF 
Smira’s Cana in 1913—(Continued) 


Oscillatoria Oscillatoria Oscillatoria Phormidium Stigonema Total 
1913 formosa sp. tenuis spp. sp. Schizophyceae 
4/5 35200) 9 5. 3,200 79,344 250,832 
U/NB} Tecate a 0 eee 1,600 132,240 140,240 
4/19 1,600 105,792 110,592 
MENS Ss ccccietace te ae 163,488 
By) 8 3,200 3,200 68,696 
BVI. peecemtcnececs Cree ee nn ee Seote 1,600 save ; 9,600 
{iy //i07 oy eee ert eee 52,896 16,000 84.896 
cn Ee Bey, Came ahs 1,600 
5/31 Beet Wb sxcscaseee 3,200 
6/ 7 6400 meocb 2 Siowmtecctncece, nactng ieee 123,392 
6/16 9,600 3,200 79,344 fe 120,944 
6/21 9.600 : 1,600 1,600 132,144 
6/28 1,600 1,600 758,800 
WES : 1,600 ; 1,600 2,130,240 
7/12 1,600 1,600 3,200 52,896 3,735,568 
7/19 3 200 317,376 Sat - 6,562'304 
7/26 BOA ey arose 6,400 6,780,294 
8/ 2 Rocce 317,376 . 2,651,200 
8/9 6,400 687,648 158,688 7,623,424 
8/15 Pree ; a ; 323,726 
8/23 211,584 3,200 476,064 11,252,352 
8/31 317,376 ete 1,798,464 13,554,174 
9/ 6 shes at Manes 11,662,720 
9/13 105,792 % ? : 5,218,716 
9/20 317,376 211,584 6,571,904 
9/27 105,792 528,960 Ard 13,380,992 
10/ 4 ; 1,824,064 
10/11 1,599,680 
10/18 355,776 
MOUZ OR ees cscaee, 25,600 
ily al Dea ails 230,784 
11/8 6,400 3 283,680 
11/15 3,200 1,600 Nrascareterseeer 295,728 
11/22 wae ; 3,200 52,896 174,688 
11/30 ee Lae 158,688 
1?) (a) eee neice 52,896 132,240 
12/14 Avensis 1,600 135,440 
12/20 OG00m Whee 9,600 
WAY QT cnsavese. ae 52,896 52,896 
Actinastrum 
Actinastrum hantzschii Coelastrum Crucigenia Pediastrum Pediastrum 
1913 hantzschii (large) microporum lauterbornii boryanum duplex 
1/11 400 400 
IL/ilt)- 5 eas 6,400 seeeeaes 
1/25 6,400 7,200 
210 Fn 19,200 79,344 
2/ 8 32.000 9,600 
2/15 : 3 51,200 79,344 
2/23 3,200 38,400 132,240 
3/1 1,600 105,792 9,600 
3/ 8 1,600 158,688 6,400 
3/15 105,792 79,344 79,344 
3/23 9,600 158 688 132,240 
3/29 158,688 32,240 132,240 
4/5 3,200 158,688 158,688 
4/13 DAT OO OME ofa een een ees St OWE | af a 12,800 105,792 
4/19 1,600. ace hhestceee 105,792 22,400 
4/26 105,792 26,448 79,344 105,792 
5/ 3 ohemneeee serene CHOON Wi eeeaeeeewe 132,240 79,344 
5/10 GHO0me | eee at ee 22.400 12/800 
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TABLE 3.—ORGANISMS PER Cusic METER IN PLANKTON OF 
SmitH’s Cana In 1913—(Continued) 


Actinastrum 
hantzschii 


“105,792 
~ 423,168 


Pediastrum 
simplex 


Actinastrum 
hantzschii 
(large) 


264,480 
317,376 


793,440 
3,067,968 
211,584 
211,584 
211,584 
952,128 
1,481,088 
1,481,088 
317,376 
264,480 
105,792 
52,896 


Raphidium 


polymorphum 


1,600 
132/240 
~~ 1,600 


Coelastrum 
microporum 


158,688 
423,168 
528,960 


Richteriella 
botryoides 


Crucigenia_ Pediastrum 
lauterbornii boryanum 


158,688 
19,200 


edn ee 105,792 
12,800 211,584 
51,200 
211,584 
317,376 
19,200 
211,584 


Scenedesmus Scenedesmus 
obliquus quadricauda 


400 
3,200 
400 
1,600 
3,200 
105,792 
79,344 
6,400 
132,240 
9,600 
132,240 
290,928 
105,792 


[ Vou. 22 


Pediastrum 
duplex 


12,800 
1,600 
6,400 

25,600 
105,792 
22/400 
211,584 
396,720 
925,680 

1,851,360 

1,481,088 

1,692,672 

1,375,296 

581,856 

2,221,632 

1,163,712 

2,433,216 

3,596,928 

4,241,680 

2,962,176 

4,559,056 

4,770,640 

2,539,008 

1,639,776 

1,533,984 

634,752 
132,240 
185,136 
105,792 
52,896 
52,896 
9,600 
52,896 


Schroederia 
setigera 


1920] 
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TaBLE 3.—OrGANISMS Per Cusic Meter IN PLANKTON OF 


Pediastrum 
simplex 


1,600 


12,800 


Total 
Chlorophyceae 

1,200 
9,600 
14,000 
100,144 
48,000 
237,936 
257,984 
129,792 
302,128 
280,480 
388,864 
795.040 
431,168 
174,688 
316,528 
479,264 
389,472 
125,744 
27,200 
19,200 
118,592 
180,240 
116,992 
211,584 
746,944 
597,856 
1,644,576 
2,593,408 
2,577,408 
2,548,508 


Smitu’s Cana 1n 1913—(Continued) 


Raphidium 
polymorphum 

~ 1,600 

1,600 


“370,272 
317,376 


211,584 
224,384 
211,584 
105,792 
"52,896 
52,896 


~ 132,240 


Asterionella 
gracillima 


773,604 
6,083,040 
3,153,924 
5,183,808 
9,997,344 
2,062,944 
2,644,800 
1,666,224 
1,481,088 
1,295,952 
1,137,264 
3,702,720 

211,584 

793,440 

343,824 

581,856 

28,800 
3,623,376 

608,304 

185,136 

105,792 

819,888 
2,353,872 
3,067,968 

899,232 

238,03 


Richteriella 
botryoides 


~ 105,792 
~ 952,128 
25,600 
317,376 


Asterionella 
gracillima 
(large) 


1,031,472 

2,803,488 

3,120,864 
502,51 


Scenedesmus 
obliquus 


3,200 
3,200 
3,200 


158,688 

12,800 
423,168 
211,584 
105,792 
423,168 
105,792 
423,168 
211,584 
317,376 
211,584 
158,688 
105,792 


Amphiprora 
alata 


1,600 
105,792 


Scenedesmus 
quadricauda 


264,480 
105,792 
290,928 
158,688 
317,376 
476,064 
370,272 
899,232 
528,960 
846,336 
1,163,712 
528,960 
846,336 
1,269,504 
2,115,840 
1,692,672 
846,336 
1,110,816 
1,216,608 
846,336 
687,648 
290,928 
158,688 
6,400 
3,200 
1,600 
52,896 


Amphora 
coffaeformis 


Schroederia 
setigera 


~ 211,584 
52,896 


Bacillaria 
paradoxa 


2,000 
4,800 


105,792 


16,000 
12.800 

6,400 
38,400 
12.800 


1 
1 : 

5,183,808 
4,760,640 
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1913 
8/9 
8/15 
8/23 
8/31 
9/ 6 
9/13 
9/20 
9/27 
10/ 4 
10/11 
10/18 
10/26 
11/1 
11/ 8 
11/15 
11/22 
11/30 
12/ 6 
12/14 
12/20 
12/27 


1913 
1/11 
1/19 
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TaBLe 3.—OrRGANISMS PER Cusic METER IN PLANKTON OF 
SmitaH’s CanaL In 1913—(Continued) 


Total 


Chlorophyceae 


2,194,336 
2,168,736 
4,562,256 
6,042,944 
7,606,924 
6,068,548 
6,674,876 
6,292,928 
9,222,112 
9,133,712 
4,337,472 
3,466,640 
3,355,248 
1,811,264 
1,112,416 
579,408 
364,624 
67,296 
59,296 
12,800 
242/832 


Cocconeis 
pediculus 


Asterionella 
gracillima 


158,688 


Cocconeis 
sp. 


Asterionella 


gracillima 
(large) 


Cyclotella 
spp. 
146,264 
1,560,432 
958,740 
1,137,264 
1,481,088 
1,798,464 
6,506,208 
16,794,480 
6,109,488 
4,839,984 
3,491,136 
4,496,160 
1,322,400 
1,745,568 
3,358,896 
2'062.944 
3,782,064 
1,533,984 
2,248,080 
899,232 
581,856 
819,888 
1,295,952 
1,560,482 
3,649,824 
3,226,656 
5,316,048 
7,405,440 
8,410,464 
10,367,616 
6,823,584 
7,669,920 
13,594,272 
14,281,920 
12,906,624 


Amphiprora 
alata 


Cymatopleura 
solea 


Amphora_ 
coffaeformis 


12,800 


Cymbella 
affinis 


[ Vou. 22 


Bacillaria 
paradoxa 


14,493,504 
3,200 


Cymbella 
cymbiformis 
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TaBLE 3.—ORGANISMS Per Cusic METER IN PLANKTON OF 


Cocconeis 
pediculus 


Cymbella 
pusilla 


Smitu’s Canat 1n 1913—(Continued) 


Cocconeis 
sp. 


Cymbella 
prostrata 


Cyclotella Cymatopleura Cymbella 
spp. solea affinis 


9,521,292 12,800 

US OSO56T here ae 
Ue OMO5 Oe one ete ge ae 
22,765,328 


22,342,160 105,792 
24,667,584 ae : 
39,407,520 52,896 
13,488,480 6,400 _..... ae 
6,559,104 6,400 
ZAOOTEGOGT I Batre ctorees erp mess : 
2,540,608 1,600 
2,196,784 1,600 
2,327,424 52,896 
29 bo2= 9 GO400) 9 9. 3s 
1,533,984 12,800 ..... 
1,719,120 52,896 
Cymbella Cymbella Diatom 
sp. tumida unidentified 


239 


Cymbella_ 
eymbiformis 


“12,800 


6,400 
12,800 
3,200 
12,800 
3,200 


~~ 6,400 


Epithemia 
ocellata 


236 
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TABLE 3.—OrGANISMS PER Cupic METER IN PLANKTON OF 
SmitH’s Cana 1n 1913—(Continued) 


Cymbella Cymbella Cymbella Cymbella Diatom 
pusilla prostrata sp. tumida unidentified 
12,800 


E Fragillaria 
crotonensis sp. 


aeons 400 


Fragillaria Fragillaria 


capucina 
1,200 
9,600 
19,836 
9,600 
6,400 
52,896 
16,000 
9,600 
79,344 
79,344 
22,400 


Eunotia Eunotia 
flexuosa sp. 


Bae AG) 105,792 
12,800 105,792 
eee 105,792 
1050702 ne 
12,800 
ae aa 12,800 
52,896 6,400 
52,896 52,896 
6,400 


~ 9,600 


[Vou. 22 


Epithemia 
ocellata 


Gomphonema 
constrictum 
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TABLE 3.—OrGANISMS Per Cuspic METER IN PLANKTON OF 
SmitH’s Canau 1n 1913—(Continued) 


Eunotia Eunotia Fragillaria Fragillaria Fragillaria Gomphonema 
1913 flexuosa sp. capucina crotonensis sp. constrictum 
11/22 6,400 3,200 wisccvseneene ) | askiies ze 
L/S) eadeeecceeee eEEeea eae neers Sc, eres 1,600 
12/ 6 3,200 1,600 vaitl 
12/14 an ceretseeeees eee 
12/20 asoeteecee eb : eects a Wee listes 
12/27 1,600 St ea pe ee ie ce nt re tas eee Moe 
Gomphonema Gomphonema Gomphonema Gyrosigma Gyrosigma Gyrosigma 
1913 olivaceum sp. subclavatum acuminatum kutzingii scalproides 
T/A oy eke See ere Co MAR ae eae cr, Oe or 400 
1/19 Mattie wae 0k 3,200 
1/25 Pee 800 
OY MRR EN i Aw, | ae Geese C400) Fees. 
2/8 ies 6,400 
2/15 Pe 105,792 
5) DENT (NCES 3s ie 3,200 3,200 
3/1 52,896 105,792 
Oy) Ba Cea a oe Seine, de pee EE oS, Cop Rt Cece Gs apna ‘ 
3/15 3,200 1,600 
3/23 a 3,200 132,240 
3/29 1,600 132,240 1,600 
A Omer ere GOO) akese: MOTOAae x ak one 
4/13 9,600 
4/19 79,344 
AYIBTR.. Toei cen © NG ee eam ee Re | ates 6.400 
5/ 3 3,200 
5/10 3,200 
5/17 1,600 
5/24 12/800 
5/31 ene 
6/ 7 12,800 
6/16 12,800 
GUT NESTS 0a a te 9,600 
(B/ PAS) ne cnerct cer i ata ee Ocean PL 12,800 
7/5 3/200 
7/12 105,792 
CNS). ia reeset Sees eee oe 32,000 
7/26 476,064 
8/2 158,688 
RV ROMME eee rt Mo nes a Se 211,584 
8/15 211,584 105,792 
8/23 105,792 370,272 
8/31 211,584 317,376 
9/ 6 105,792 423.168 
SMe | Be Ace! esciese ae : 211,584 
9/20 317,376 105,792 
9/27 ie ac Py bit ee 12800 
10/ 4 12,800 etinven evs 105,792 
10/11 105,792 wes sed oR ewest 38,400 
10/18 sali Sooatees 
10/26 12,800 
re Ue Rs RE 9 ER fig fy De SMA Ge Sete a ae 
11/ 8 105,792 
11/15 6,400 
11/22 52,896 
11/30 6,400 
12/ 6 52,896 
12/14 52,896 
12/20 6,400 
12/27 3/200 105,792 


IWWNNNh 
—~— 
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TaBLe 3.—OrGANISMS PER Cusic METER IN PLANKTON OF 


Melosira 
granulata 


4.152,336 
1,877,808 
2,353,872 

872,784 
5,104,464 
5,765,664 
9,203,904 
1,560,432 
2,010,048 
3,649,824 
3,279,552 
1,454,640 
5,078,016 
6,426,864 
8,119,536 

14,652,192 
9,891,552 
16,503,552 
13,647,168 
24,437,952 
34,170,816 
64,321,536 
86,643,648 
84,845,184 
88,971,072 
193,810,944 
75,439,744 
127,912,576 
72,265,984 
53,214,576 
60,524,224 
27,515,968 
22,057,632 
15,445,632 
6,612,000 
2,697,696 
2,115,840 
3,914,304 
2,327,424 
1,507,536 

661,200 
1,110,816 


Navicula 
didyma 


Smitu’s Canau In 1913—(Continued) 


Melosira 
granulata A 
(small) 


6,321,072 
9,045,216 
132,240 
740,544 
634,752 
581,856 
211,584 
158,688 
105,792 


dubia 


Melosira 
varians 

4,800 
211,584 
19,836 
9,600 
25,600 
264,480 
9600 
264,480 
105,792 
185,136 
423,168 
396,720 
105,792 
158,688 
9,600 
238,032 
79,344 
105,792 
79,344 
19,200 
3,200 
6,400 
79,344 
132,240 
6,400 
185,136 
158,688 


~~ 12,800 


6,400 
158,688 
211,584 


105,792 


~ 25,600 


~ 317,376 
~ 105,792 


12,800 
105,792 
6,400 
6,400 
19,200 
3,200 
52,896 
6,400 
79,344 
52,896 
25,600 
185,136 


Navicula 
gracilis 


Ste Sab 
158,688 
158,688 


Navicula 
affinis 


Navicula 
sp. 


Navicula 
alpestris 


~ 105,792 
105,792 
132/240 


105,792 
211/584 


~ 105,792 


Navicula 
viridis 


[ Vou. 22 


Navicula 
bacillum 


105,792 
3,200 


105,792 
211,584 
105,792 
211,584 


1,600 


Nitzschia 
acicularis 


“80,944 
59,508 


185,136 
158,688 
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TaBLE 3.—ORGANISMS PER Cupic METER IN PLANKTON OF 
SmityH’s Cana In 1913—(Continued) 


Navicula Navicula Navicula Navicula Navicula Nitzschia 

1913 didyma dubia gracilis sp. viridis acicularis 
2/15 3,200 264,480 79,344 12,800 132,240 
2/23 Siseevs 6,400 Pace 3,200 79,344 
3/ 1 : 290,928 105,792 1,600 158,688 
3/ 8 1,600 185,136 82,544 3,200 79,344 
SHA OMe se ; 290,928 3,200 A Fi 105,792 
3/23 3,200 290,928 1,600 ; 211,584 
3/29 1,600 476,064 1,600 1,600 343,824 
4/ 5 581,856 4,800 6,400 238,032 
4/13 185,136 6,400 3,200 264,480 
4/19 238,032 1,600 3,200 264,480 
4/26 1,600 608,304 3,200 476,064 
5/ 3 : 105,792 : 1,600 52,896 
5/10 132,240 3,200 105,792 
5/17 158,688 3,200 211,584 
5/24 211,584 3,200 185,136 
5/31 : : wae 132,240 
(Whe 317,376 : 3,200 211,584 
OG ao. 370,272 3,200 3,200 846,336 
6/21 79,344 3,400 : : 661,200 
6/28 185,136 1,005,024 
tf-5 1,600 819,888 
7/12 52,896 634,752 3,200 608,304 
7/19 gseavets 105,792 ; 793,440 
7/26 1,798,464 3,200 12,800 687,648 
Oy) 2 eee ihe ; 740,544 enscee t : 793,440 
(3/2) ere eeee 6,400 2,062,944 12,800 634,752 
8/15 ; 49,722,240 6,400 158,688 
8/23 - 4 3,385,344 6,400 423,168 
SifO lie ne ocaccastteereces 105,792 2,644,800 —........ eeanvetet nest 3,067,968 
9/ 6 Saecdest : 1904-2560) Geecruceers sautersasteeetee 3,385,344 
OR)". keene re reper Cree Pe 423,168 12,800 1,269,504 
CVAD) Se acre Peerrnen : 2,327,424 = : 528,960 
CVO, Marrs ees oe 1,375,296 12,800 1,481,088 
TOY! 4k Se nee : 952,128 25,600 528,960 
TOV, Se rescoaeoe weitere ete 1,163,712 : 211,584 
10/18 > : 740,544 211,584 
HOMZG ous... 52,896 317,376 105,792 
IY) 2a ere , 105,792 52,896 ; 158,688 
11/ 8 525896. te. re 158,688 eos: 6,400 317,376 
11/15 nea See 52,896 3,200 6,400 502,512 
11/22 eebes SMS Gee Seve 9,600 211,584 
11/30 3,200 158,688 ¢ : haieees 290,928 
ZHANG \iesessscivecsieas & , 370,272 6,400 52,896 502,512 
UA Vr, sckrecesteskes 1,600 158,688 ; 3,200 132,240 
UPL eee “Gas, ecene hae thats 185,136 : 79,344 
12/27 By 40,0 eae ieneerory mk: 317,376 3,200 132,240 

Nitzschia Nitzschia Nitzschia Nitzschia Pinnularia Pleurostauron 

1913 angularis sigma sigmoidea vermicularis acrosphaeria parvulum 
1/11 ees eats 39,672 
I/O) eereereter 1G OOM n meecoere- 317,376 
1/25 cere Rstcees ; 72,732 
2/2 ‘16005 ae estes 3 200K eae: 264,480 
2/8 sateen 1,600 52,896 seeehes 211,584 
2/15 GAOOP 9 cuccetissse, cess Saadedeaee 105,792 9,600 158,688 
2/23 S00 ie wien eee SP eee 9,600 e 211,584 
yaa Pree : 9,600 3,200 740,544 
3/ 8 3,200 1,600 Sane: 1,600 290,928 
B/G} "0 chop ean acer anc Seem : 79,344 6,400 476,064 
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TaBLE 3.—ORGANISMS PER Cusic METER IN PLANKTON OF 
SmitH’s CANAL In 1913—(Continued) 


Nitzschia Nitzschia Nitzschia Nitzschia_ Pinnularia Pleurostauron 
angularis sigma sigmoidea vermicularis acrosphaeria parvulum 


370,272 
423,168 
343,824 
581,856 
211,584 
132,240 
211,584 
211,584 


105,792 
158,688 
105,792 
105,792 
oe ae 211,584 105,792 
12,800 105,792 38,400 105,792 
12,800 Swiss : 125800). | cassis] & Guo 
cai 12,800 12/800 105,792 
PDIROO ss © Gaz wal! eek aie eee 52,896 
Renee ; 52,896 6,400 52,896 
52,896 U2:800. wks ccnctee | hee eeseoeeees 211,584 
re ees : 1,600 52,896 
3,200 6400) ek 6 400ne ee 1,600 
3,200 winoeees ; 105,792 
3,200 52,896 132,240 
peeeee ree 52,896 52,896 
ese 9,600 52,896 
3/200 185,136 
Stauroneis Surirella Synedra Synedra Total Closterium 
phoenicenteron sp. radians ulna Bacillariaceae acerosum 
400 26,448 995'988)  eeneecreees 
17,600 449,616 8,850,184 
5,600 469,452 4,882,644 
65,600 343,824 7,847,616 
19,200 238,032 13,286,048 
Meteors 114,544 343,824 6,526,064 
94,496 396,720 =11,554,384 
ee tec 132,240 502,512 21,603,120 
48,000 290,928 10,066,896 
158,688 793,440 12,653,248 
132,240 238,032 15,174,656 
185,136 476,064 23,028,112 
132/240 370,272 5,009,024 
185,136 528,960 10,329,424 
eee 79,344 493168 11,761,064 ccm 


1920] 


Allen: Plankton of the San Joaquin River 


TaBLE 3.—OrGANISMS Per Cusic Meter IN PLANKTON OF 


SmitH’s Cana 1n 1913—(Continued) 


Stauroneis Surirella 
phoenicenteron sp. 


1,600 132,240 
3,200 79,344 
pe eu 211,584 
Rae. acd 105,792 
ae 132,240 
Ba se 449,616 
pens nt 211,584 
pone IPI) 
687,648 

Socens CHORES 
3,200 ‘1,586,880 
enn 89074508 
Eee .  1,163;712 
SN 634,752 
Se ca 211,584 
hic ois 634,752 
ies ie 528,960 
Bao eee 423,168 
See 317,376 
meat pee 740,544 
Niet te 634,752 
seo tee 476,064 
52,896 528,960 
ee 52,896 
he) 185,136 
ete 158,688 
3,200 264,480 
miele 105,792 
eM rds 264,480 
a 79,344 


Closterium Closterium 
acuminatum rostratum 


Synedra 
radians 


105,792 
793,440 
264,480 
158,688 
476,064 
1,057,920 
528,960 
423'168 
423/168 
317,376 
1,586,880 
1,269,504 
846,336 
634,752 
158,688 
158,688 
264,480 
211,584 
52,896 
52,896 
132,240 
1,600 


Cosmarium 
sp. 


Synedra 
ulna 


185,136 
6,400 
317,376 
185,136 
105,792 
1,600 
132,240 
238,032 
238,032 
1,190,160 
343,824 
343,824 
158,688 
267,680 
211,584 


370,272 
158,688 
4,125,888 
3,808,512 
5,924,364 
2,856,384 
2,539,008 
1,904,256 
2/221,632 
1,692,672 
476,064 
370,272 
528,960 
158,688 
79,344 
132,240 
290,928 
238,032 
105,792 
185,136 


Mougeotia 
sp. 


~~ 1,600 
400 
1,600 


~ 1,600 
1,600 


Total 


Bacillariaceae 


14,915,728 
6,323,232 
8,531,408 
8,256,480 
5,198,768 
2,285,728 
8,722,096 

14,880,432 
17,599,024 
22,537,552 
15,092,112 
26,131,376 
24,800,128 
43,673,600 
53,816,832 
95,438,683 

149,512,496 

113,258,240 

118,406,848 

220,996,096 

96,437,784 
157,322,752 
99,961,216 
84,452,672 
89,303,502 
57,291,968 
64,325,240 
30,671,584 
15,042,976 
6,757,696 
6,35 ,424 
7,324,400 
13,506,832 
7,003,072 
3,890,112 


4,581,056 . 


Spirogyra 
protecta 


1,200 
6,400 


1,600 
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Closterium 
acerosum 


6,400 


“3,200 
6,400 
“12,800 
6,400 
37,400 

~ 12,800 
38,400 
76,800 
12/800 
25,600 

~ 12,800 
“12,800 
6,400 


3,200 


~ 1,600 
79,344 


185,136 
6,400 
"52,896 


1,600 


bo 
i 
bo 
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TABLE 3.—ORGANISMS PER Cupic METER IN PLANKTON OF 
SmituH’s Cana 1n 1913—(Continued) 


Closterium 
rostratum 


Closterium 
acuminatum 


Cosmarium 


Mougeotia 


211,584 
423/168 
264,480 
1,322,400 

3,200 
3,967,200 
4,866,432 
1,586,880 
317,376 
105,792 


Spirogyra 
protecta 


Staurastrum 
A 


1,600 
Total 
Staurastrum Total Chlorophyll Total Ceratium Cercomonas 
sp. Conjugatae bearing Algae hirundinella crassicauda 

1,200 999,988 998,788 
8,000 9,938,504 8,870,984 
3,600 6,508,748 4,966,764 
4,800 9,223,664 7,955,760 
1,600 17,480,488 13,342,648 
4,800 10,570,064 6,904,240 
84,144 17,567,024 12,084,848 
eee 2 OMA SOum aloe 
191,536 11,030,128 10,562,160 
12,800 13,969,056 13,057,120 
100,000 17,638,720 15,813,808 
52,896 25,649,664 24,352,112 
12,800 5,868,912 5,703,824 
3200 11,054,624 10,647,552 
eee. 12,431,216 12,188,384 
8,000 16,141,088 15,566,480 
Soe eeeeenrerene 7,444,200 6,781,400 
1,600 8,998,528 8,668,352 
3,200 8,540,968 8,371,776 
3,200 5,364,608 5,222,768 
1,600 2,574,208 2,409,120 
9,600 9.462.448 9,035,328 
9,600 15,295,408 15,127,968 
4,800 18,320,928 17,949,056 
52,896  24,406'320 24,096,192 
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TABLE 3.—ORGANISMS PER Cusic METER IN PLANKTON OF 
Smiry’s Cana in 1913—(Continued) 


Total 
Staurastrum Total Chlorophyll Total Ceratium Cercomonas 
1913 sp. Conjugatae bearing Algae hirundinella crassicauda 
GRO” Wp vores vastaxeseres 108,992 19,267,600 175929;200' sc... : 
7/12 anerrronrceeense 383,072 33,831,696 31,896,192 Taide eesasies 
7/19 211,584 435,968 36,948,320 28,391,808 6,400 
7/26 105,792 652,952) 58,738,174 53,684,254 = ............... 
8/ 2 317,376 694,048 62,336,096 SOLOS88\) sedet 
8/9 105,792 1,789,368 111,133,112 107,045,816 ......... 
8/15 Sere 115,392 161,112,670 152,120,350 
8/23 317,376 4,508,960 138,246,256 133,585,008 coe : SS : 
8/31 Saezdeesncnenees 4,917,632 147,390,462 142,921,598 tae Peeters 105,792 
9/ 6 528,960 830,144 247,981,772 241,201,676 - : eevweavs 
C/I ie peepee ere 859,136 114,001,764 108,584,184 2800 ee : 
9/20 ss 3,199,362 177,590,200 173,768,894 anes : ites : 
9/27 423,168 125,264,912 120,058,304 <5 ; 105,792 
10/ 4 488,960 101,844,780 — 95,987,808 aoes : tie 
10/11 554,560 104,095,392 100,591,454 
10/18 237,184 65,078,784 62,222,400 Sapa Seieceerene 
10/26 330,176  =70,077,512 68,147,656 D2; 8960 0 ieee 
Wily; ab 19,200 38,316,112 34,276,816 ........ epee 
11/ 8 oe  22/909'336 1'7:187.920° 
11/15 214,784 11,703,204 8,382,224 
11/22 62,496 16,219,536 7,168,016 
11/30 14,000 11,808,016 7,861,712 
12/ 6 9,600 16,429,664 13,715,968 
12/14 11,200 10,081,776 7,210,608 
12/20 = 6,232,912 3,912,512 
12/27 6,400 7,511,136 4,883,184 
Chlamydomonas Chromulina Cryptomonas Dinobryon Eudorina Euglena 
1913 sp. sp. sp. sertularia elegans viridis 
PAIGE ech cresd « , <iicty sO le eee : Ee orerwsee 1,200 
1/19 1,005,024 1h Sees eencoeee eerie §,000 
1/25 5 1,500,924 SAORI eiemee stakene se 3,200 eeeess ‘ 
22/2 rr eres 952,128 ce ere eae eee 105,792 52,896 
2/8 52,896 3,782,064 Bovrbeesseeds Lbveeeeteres 16,000 eee ree tae 
MUO 8 cesseei chasse 3,253,104 Wiceutheten | cats : , 9,600 3,200 
2 et tet 5.527.632 3,200 32,000 6,400 
o/ 1) eee e 846,336 Resear erase He tee 8 AAS OO ee eee on 
3/ 8 astuestesoreve 105,792 = : Srevsd 35,200 3 
3/15 : 396,720 Sere : 1,600 60,800 
3/23 1,322,400 weesiketaey give’ ; 211,584 
3/29 634,752 Seesteasesrceaes 1,600 264,480 
4/5 79,344 cere | eeeton ; 3,200 etheaeas 
4/13 158,688 __...... rr 1,600 ~~ 32,000 3,200 
4/19 185,136 Pn ee ee ree 3,200 ahi, se eee 
4/26 238,032 ear 3 eS 12,800 1,600 
5/ 3 290,928 dagdoasteageonee 52,896 —_..... : Sn ees é ; 
5/10 105,792 Sees 105,792 6,400 1,600 
5/17 105,792 wtethesesseass Hehe cabs AQ!000) eecssetence ; 
5/24 1,600 disaadeaaseesens 52,896 Seoeee 4 3,200 
5/31 rare cc: Meee Sueike 52,896 By AUN © Reencaecteecn bs 
6/ 7 52,896 scone feracaenes 105,792 2S SOO cetera ; 
6/16 79,344 sacepusetoneaese 16,000 22,400 3,200 
6/21 MOS M92) cece Be eee WOVBER So eeecnsaenee 
6/28 GOO eee ane 1,600 1G O00 ee nee 
7/5 793,440 os 1,600 6,400 52,896 
TiAl 1,401,744 BRODER, ee cbceereen Ce 185,136 79,344 
7/19 2,486,112 icieessesseceseel | fieiees meoeeea 51,200 3,200 
7/26 CHAUVATPAUIN Rearereccecens 1. W Ceeaeoeectens 105,792 158,688 
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TABLE 3.—ORGANISMS PER Cuspic METER IN PLANKTON OF 
Smitu’s Cana In 1913—(Continued) 


Chlamydomonas 
sp. 


Flagellate 
unidentified 


Chromulina 
sp. 
2,380,320 
1,957,152 
8,569,152 
4,231,680 
3,279,552 
5,183,808 


Hemidinium 
nasutum 


~ 158,688 
264,480 


~ 105,792 


Cryptomonas Dinobryon Eudorina Euglena 
sp. sertularia elegans viridis 
32,000 


1,163,712 


105,792 
ae 52,896 
1,600 3,200 
52,896 52,896 
a eaee 3,200 
1,600 wate 
Mallomonas Pandorina Peridinium Peridinium 
sp. morum cinctum sp. 
3,200 
1,600 
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TaBLE 3.—ORGANISMs Per Cusic METER IN PLANKTON OF 
: SmitH’s Canau in 1913—(Continued) 


Flagellate Hemidinium Mallomonas Pandorina Peridinium Peridinium 
unidentified nasutum sp. morum einctum sp. 
BIS O60 foe te eee 
105,792 
105,792 


Phacus Platydorina Pleodorina Pleodorina Pteromonas Syncrypta 
pleuronectes caudata californica illinoisensis sp. volvox 


76,800 12,800 Paitin gue EEE 
12,800 105,792. . 
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TaBLE 3.—ORGANISMS PER Cusic METER IN PLANKTON OF 
SmityH’s Cana IN 1913—(Continued) 


Phacus Platydorina Pleodorina Pleodorina Pteromonas Synerypta 

1913 pleuronectes caudata californica illinoisensis sp. volyox 

OYA Vasesceeecececesey — — asetetavcoescesey yg yisssetacse-soseccun lm meeeteemmeeers 

10/18 

10/26 

ibys al sgsctesssaecs 

NYA oeeaeeS ee ’ 

TOWAUS chases bis 

11/22 52,896 6,400 

11/30 1,600 

12/6 See nae 

1 PAY Ae en Reena ee 

12/20 xe 

12/27 

Synura Trachelomonas Trachelomonas Trachelomonas Volvox Total 

1913 uvella - euchlora volgensis volvocina globator Mastigophora 
Ayfititie. ka ire ge RRO eee ene 1,200 
1/19 Sas seca ies 52,896 1,067,520 
1/25 400 33,060 1,541,984 
D/O acre mae) 5 Tere 105,792 1,269,504 
Di OS) Saeco Sick 52,896 211,584 4,137,840 
2/15 52,896 290,928 3,665,824 
2/23 1,600 79,344 5,682,176 
By/ il 52,896 79,344 1,029,776 
By Acco | SOG entire 317,376 467,968 
3/15 105,792 ee 211,584 911,936 
3/23 1325240) ee nee 79,344 1,824,912 
3/29 : 105,792 1,297,552 
AY OD o A wetecessusiacee @ auasete Seats, iterie ys ceo Re 165,088 
4/13 52,896 407,072 
4/19 1,600 242,832 
4/26 132,240 574,608 
5/3 132,240 662,800 
5/10 105,792 330,176 
5/17 1,600 169,192 
5/24 79,344 141,840 
5/31 105,792 165 088 
6/ 7 52,896 427,120 
6/16 1,600 167,440 
6/21 79,344 373,472 
6/28 158,688 310,128 
7/5 wpsdveeasiseers 370,272 1,338,400 
Thy Ca Bete cree oto Mee tan py | aie ceeee 3 264,480 1,937,104 
7/19 3,200 ene ee 2,556,512 
OGL eee 370,272 581,856 5,053,920 
8/ 2 eee « EONS ein | ites 5 Peace (a toeee 2,625,408 
BO eee on ee ee ane 528,960 4,087,296 
8/15 Rosettes | (MecceteE Sea : eee 423,168 8,992,320 
8/23 HO SE92) ie ncnceaee : sebesttes vita: 317,376 4,664,448 
8/31 tea ate eeee erased bed , 740,544 4,468,864 
9/ 6 105¢70 2 meee 105,792 634,752 6,885,888 
9/13 : watencceneseuers sshstsivestcece weisaieasaathase 5,417,600 
DL QON DBM se rohong  eee cee Um petro taser : 317,376 3,821,306 
9/27 sawaesers 423,168 5,206,608 

10/ 4 eee 317,376 5,856,972 

10/11 105,792 211,584 3,503,936 

MOYUSS. © bakin Sete ches ee ee ree 2,856,384 

10/26 211,584 1,929.856 

oa eae 211,584 4,039,296 

11/ 8 105,792 211,584 5,084,416 

UMD ORs Ine: ee ene tahoe 211,584 3,322,600 
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TaBLE 3.—OrGANISMS Per Cusic METER IN PLANKTON OF 


Synura 
uvella 


Amoeba 
proteus 


Smiru’s Cana iy 1913—(Continued) 


Trachelomonas Trachelomonas Trachelomonas Volvox Total 

euchlora volgensis volvocina globator Mastigophora 

bescaeecrere 211,584 sateen setacs ete 9,051,520 

1,600 185,136 straasteaeee 3,946,304 

1,600 132,240 3,200 2,713,696 

< ou 52896 eesecsenne 2,872,768 

se date Ssh 52,896 eerancviwacteet 2,320,400 

sdiwanaees oe 3,200 132,240 sucececeusetee 2,627,952 

Amoeba Arcella Cyphoderia Difflugia Difflugia 

radiosa vulgaris ampulla corona globulosa 


105,792 
52,896 
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TasLe 3.—ORGANISMS PER Cusic METER IN PLANKTON OF 
SmitH’s Cana 1n 1913—(Continued) 
Difflugia Hyalodiscus Microgromia Trinema Total Actinophrys 
1913 pyriformis sp. socialis enchelys Rhizopoda sol. 
1A Kt Ie ann eee a err eam error irs. | Mkerteteseterss |. coccsedcence £2 yD ee Seeder 
IWAN Ol etberaee > ar Saauoeethtees eee 3,200 
1/25 S008” Saale eee eo Pee ee 800 
2/ 2 1,600 sae 1,600 
278 T2R00 /iiccteee eects Nien een 12/800 
2/15 22,400 : 28,800 
2/23 6,400 1,600 11,200 
sy/ 1 1,600 fee 4,800 
3/ 8 6,400 ee eh a 11,200 
3/15 79,3844 AGOO iter ees 87,344 
3/23 3,200 600) Watisnce 6,400 
3/200 eee 2 Se WW Sena 6,400 
4/ 5 12:800. © 2 fe 16,000 
4/13 16,000 ViGOO) ieee 17,600 
4/19 211,584 213,184 
4/26 238,032 348,624 
5/ 3 79,344 79,344 
5/10 32,000 32,000 
5/17 79,344 79,344 
5/24 140,800 140,800 
5/31 264,480 266,080 
6/7 132,240 138,640 
6/16 105,792 105,792 
6/21 105,792 105,792 
6/28 317,376 331,776 
7/5 238,032 241,232 
7/12 105,792 220,584 
7/19 3,200 6,400 
7/26 6,400 124,992 
8/ 2 6,400 12,800 
8/ 9 6,400 12,800 
SYM on ee caters 5,501,184 
8/23 448,768 
Ri ae 647,552 
DisiGue See. 7,37 2,022,848 
9/13 105,792 2015845 eee 422,168 
QP20 | reese Aeceatieescieees 317,376 740,544 
ODT a RON ae LO5s792)0 ce eae 118,592 
10/4. eee 211,584 5O8.960) ae 753,344 
O/T eee eee dee 211,584 105,792 317,376 
TOMS sie 8 ee LOD 92" Fare oe 211,584 
10/26 105,792 264480  Vaneaeeee 476,064 
LA eee 52,896 105,792 Reestensen re 264,480 
11/8 52,896 52,896 105,792 105,792 
DU Al, ad ee Ce PELE SS MM An IS 38s 1,600 
VT 22. 0 ee ef gions) Gatien Se) eee ee 
11/3 Oeecres ont 1600) 52s bis 
12/ 6 1,600 1,600 1,600 
12/14 3500, ie cien ol ee ee 3,200 
ZO aane ae eee ee ate Pere ciseero | fosctctavcicce 
PAPI (ET  cticetes saat cione an nupcomcrecrtnel  cestenmrenscie 3,200 1,600 
Heterophrys Nuclearia Pinaciophora Raphidiophrys Total Ciliate 
1913 fockei simplex fluviatilis elegans unidentified 
ATU Ly Rear ee Ree Ler ert ir Ue ce ies Roan 
LALO YO, nice UES) ge ORCA 1) eh ee he iat 
15 ae SR ey se ee 
PAT IAG TER Fs epee ieee WIG OPES ees aOR SPOR SOME P aw my, ante Fah 
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TABLE 3.—OrGANISMS Per Cusic METER IN PLANKTON OF 
Smitu’s Cana in 1913—(Continued) 


Heterophrys 
ockei 


211,584 
211,584 


~ 105,792 


423,168 


Cyclidium 
sp. 


Nuclearia 
simplex 


~ 317,376 
317,376 
105,792 


Didinium 
nasutum 


Pinaciophora 


fluviatilis 


1,269,504 
528,960 
423,168 
158,688 
105,792 

1,600 


Raphidiophrys 


elegans 


1,600 
~~ 41,600 
~~ 1,600 
~ 105,792 


105,792 


1,005,024 
211,584 
211,584 


687,648 
1,216,608 


Euplotes 
patella 


Total 
Heliozoa 


~~ 3,200 


317,376 


1,005,024 
211,584 
423/168 


541,760 
3,173,760 
1,798,464 
634,752 
476,064 
211,584 
799,840 
1,218,208 


Halteria 
grandinella 


249 


Ciliate 
unidentified 
1,600 
1,600 
1,600 


“52,896 
9,600 


Hastatella 
radians 


250 
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TaBLe 3.—OrGANISMS PER Cusic METER IN PLANKTON OF 
SmitxH’s Cana IN 1913—(Continued) 


Cyclidium Didinium Euplotes Euplotes Halteria 
sp. nasutum harpa patella grandinella 


105,792 
105,792 


Paramecium Paramecium Prorodon Stentor 
aurelia bursaria sp. coeruleus 


105,792 
105,792 
1,600 
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Hastatella 
radians 


Stentor 
niger 
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TABLE 3.—ORGANISMS Per Cupic METER IN PLANKTON OF 
SmiryH’s Cana 1n 1913—(Continued) 


Holophrya 


211,584 
1,904,256 
423/168 
211,584 
12/800 
740,544 
317,376 


105,792 
158,688 


Tintinnidium 
fluviatile 


Paramecium 
aurelia 


"25,600 
16,000 


Vorticella 
longifilum 


Paramecium 
bursaria 


Vorticella 
sp. 


Prorodon 
sp. 


Total 
Ciliata 


Stentor 
coeruleus 


3,200 


sp. 


Stentor 
niger 


Sphaerophrya 
sp. 
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TABLE 3.—ORGANISMS PER Cusic METER IN PLANKTON OF 
SmituH’s Cana In 1913—(Continued) 


Tintinnidium Vorticella Vorticella Total Acineta Sphaerophrya 
fluviatile longifilum sp. Ciliata sp. sp. 
238,032 239,632 
211,584 213,184 
211,584 213,184 
449,616 454,416 
423,168 440,768 
581,856 634,752 
793,440 1,084,268 
581,856 588,256 
952,128 955,328 
1,533,984 1,639,776 
952,128 1,166,912 
oat eoberniees 3,200 
105,792 211,584 
1,798,464 2,327,424 
warekcieerseeee 634,752 2,551,808 
211,584 211,584 952,128 
ae tee 846,336 1,269,504 
105,792 634,752 804/544 
105,792 423,168 1,282,304 
pants oh aves 528,960 964,928 
Ae EN We 740,544 740,544 
25,600 581,856 618,856 
se Nias 105,792 249,984 
ne Noutaenss 158,688 408,772 
Pedeeles mor 52,896 261,184 
3,200 3,200 108,800 
ide as 132)240 148,040 
eee 9,600 Beal 130,544 
was 3,200 1,600 59,296 
eae a seshee ee eae 79,344 138,640 
9,600 1,600 1,600 73,696 
Total Protozoa Total Protozoa 
Total without wit Collotheca Collotheca Collotheca 
Suctoria Mastigophora Mastigophora egg, attached pelagica sp. 
LECT 5 bo 1,200 
3,200 1,070,720 
no 3,200 1,545,184 
Hea san es 3,200 1,272,704 
24,000 4,161,840 
Se a 43,200 3,709,024 
42,600 5,724,776 
12,800 1,042,576 
36,800 504,768 
159,440 1,071,376 
54,400 1,879,312 
19,200 1,316,752 
124,992 290,080 
137,792 544,864 
219,584 462,416 
464,016 1,039,624 
163,488 826,288 
139,392 469,568 
273,232 442) 424 
ae 361,984 503,824 
weer eRe 547,312 712,400 | 
ee 431,168 858,288 
Pee Pee 320,576 488,016 
573,008 946,480 
881,536 ‘1,191,664 
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TABLE 3.—OrRGANISMS PER Cupic METER IN PLANKTON OF 
SmituH’s CANAL In 1913—(Continued) 


Total Protozoa Total Protozoa 


Total without with Collotheca Collotheca Collotheca 

1913 Suctoria Mastigophora Mastigophora egg, attached pelagica sp. 
7/5 955,328 2,293,728 

7/12 1,569,432 3,506,536 

7/19 TOPO BHO) aeaenn  onece len 

7/26 1,715,072 6,768,992 

8/ 2 2,596,608 Si22Zi01G ss. Ot. nee Ok eee ene ee 
8/ 9 1,509,888 SOOM US sees : 

SY/IUGS 5 wan es 5,504,384 WASA9G* 042 eee. cNccasase 

SVLOM | faeces 1,665,376 6,329,824 25,600 19,200 

8/31 105,792 3,292,352 CET OIE ZG I eect eee 2 S00 tse 
9/ 6 38,400 5,036,224 11,922,112 tas 

9/13 1,387,096 6,904,696 51,200 ‘51200 See 

9/20 2,433,216 6,254,522 38,400 51,200 

9/27 1,464,896 6,671,504 saaceeee ; ies : a acacetersee see 
10/ 4 5,209,408 11,066,380 105,792 12,800 211,584 
10/11 3,144,768 6,644,704 423 168) 7 neccesee ; 153,600 
10/18 1,599,680 4,456,064 25,600 GE 000 TT cece Ds 
10/26 1,577,384 3,507,240 52,896 NOS SiO Qe erence tan 
TP 726,048 4,765,344 ductal eu tes 12,800 
11/ 8 1,314,404 6,398,820 52,896 52,896 
11/15 1,480,992 4,803,592 : 3,200 
11/22 112,000 —-9,163)520 6,400 3,200 
11/30 148,040 4,094,344 seseangatses 
12/ 6 135,344 2 84.9'040) Be eer see ie eee 
12/14 62,496 2,935,264 
12/20 138,640 2,459,040 
12/27 75,296 2,703,248 

Total Rotaria Rotaria Rotifer egg, Total Anuraeopsis 

1913 Rhizota neptunia rotatoria winter Bdelloida egg, attached 
1/11 dette 1,600 1GOORY eens 
1/19 ee 36,800 46,400 

1/25 3,200 19,836 23,036 

2/2 1,600 11/200 92800) 
2/ 8 sis 30; 200) paces : 48,000 

DiS)» AGA eee Ritcyss 80,000 6,400 92,800 

2/23 3,200 Bia AN)) ——— caenagntnons 44,800 

Shh SRSA eae vat 79,344 ‘ 98,544 

3/ 8 3,200 PSSM SGm eee aah 236,336 

3/15 spk ouseaere 28,800 3,200 38,400 

3/23 3,200 64,000 Sec 68,800 

3/29 esseveess 60,800 GONSOOReececsneeeeece 
4/5 ABOOOW Woeaececes 22400 9 keene 
AUITBY Ana oe See oe G400R i eo eees. GiGQO Jee 
4/19 19,200 20:800)) ee eis 
ALIAS RNS Ue asm a Rests tees 64000) 252 eee 
5/ 3 3,200 6,400 4,800 

5/10 : 1h GOO ee: ViG00: esas 
5/17 3,200 12,800 : 32,000 

CAM eR Mase cwracie! — teelncus ee 3,200 6400) s.Abisa 
EY/BIL Cee eee Ny ae eer rere SG 00 Reese Seis: GS 288i sees eees 
GVAIMMEI rere Nt Sere | sR Sees 916005 ~~ 2kicrenc 
GCUAGIEEEer te kes cae Bi teine | yeeiteers Bees 

6/21 6,400 6,400 

6/28 Ate) Sree ; eee 

Wf 6,400 3,200 112,192 

le 52,896 6,400 105,792 

ALOE reek Lilet nos de cosicien ng riseeiteé nesses 3,200 

TPAD) Ea eee ge oat Ree One rete etc 6,400 158,688 

8/ 2 GF4 00 eves 177,888 
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TABLE 3.—ORGANISMS PER Cupic METER IN PLANKTON OF 
SmituH’s Cana IN 1913—(Continwed) 


Total Rotaria Rotaria Rotifer egg, Total Anuraeopsis 
1913 Rhizota neptunia rotatoria winter Bdelloida egg, attached 


S/EGe nee eee 32,000 38,400 76,800 
249,984 
25,600 
105,792 
211,584 
224/384 
89,600 
25,600 
51,200 
12,800 
72,096 
59,296 
25,600 


9/13 ——-102,400 


10/ 4 330,176 2p eee 
10/11 576,768 12,800 nsatencareacees 
10/18 S89:600) eee 12,800 


3 Brachionus ! 
Anuraeopsis Anuraeopsis Asplanchna Brachionus angularis Brachionus | 
1913 fissa sp. brightiwellii angularis caudatus budapestenensis 


8/23 “a Sate ie aml 158,688 
be a me 740,544 
317,376 


Allen: Plankton of the San Joaquin River 


TaBLe 3.—ORGANISMS Per Cupic METER IN PLANKTON OF 


Smiru’s Cana 1n 1913—(Continued) 


Brachionus 


Anuraeopsis Anuraeopsis Asplanchna Brachionus angularis 
fissa sp. brightiwellii angularis caudatus 
64000" 2... ire 422,400 

siescenseseiee : : ; 12,800 25,600 

BiSViGy eae é 12800 epee : 64,000 
TOSO0M aaa 38,400 
ARS : 25,600 
NOBSSYS ) eaeeas 211,584 
sveseedas ees : 6,400 
6,400 19,200 
6400 sole. 6,400 sm 
1,600 Aree a re 
52,896 6,400 S200 Meese 
1,600 ree ab anak 
Brachionus Brachionus Brachionus 
Brachionus Brachionus egg; attached, egg; attached, egg; free, 
ealyciflorus capsuliflorus female male female 
laierecakccten |e Gene Renee eicerccry ont 1,200 
6,400 See foes 3,200 1,600 
3 200 Nee : 1,600 800 1,600 
1,600 1,600 Sena coe eee 3,200 
SRAOOKe foe. 9,600 eae 3,200 
185,136 238,032 3,200 6,400 
48,000 3,200 
6,400 = AE 
38,400 


52,896 

6,400 

1,600 

1,600 

eater te 158,688 
IOSD: Becca: | MURA eee Repel SOU 
6,400 105,792 
105,792 12/800 
6,400 eee 
erbe t 158,688 
pe Caen: 3,200 
317,376 317,376 
ASA 105,792 
51,200 317,376 
25,600 ihe eae 
211,584 12,800 
211,584 211,584 
OLSON D5GICOUME ee 317,376 


bo 
OV 
oO 


Brachionus 
budapestenensis 


12,800 


“38,400 


Brachionus 
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TaBLe 3.—ORGANISMS PER Cuspic METER IN PLANKTON OF 
Smitu’s Cana 1n 1913—(Continued) 


Brachionus 
ealyciflorus 


12,800 
32/000 


Brachionus 
patulus 


Brachionus 
capsuliflorus 


Brachionus 
plicatilis 


Brachionus 
egg; attached, 
female 


105,792 


Brachionus 
urceus 


"38,400 


Brachionus 
egg; attached, 
male 


Diurella 
egg, free 


22,400 


740,544 
846,336 
~ 528,960 
105,792 


Brachionus 
egg; free, 
female 


6,400 


3,200 
3,200 
3,200 


~~ 1,600 


Epiphanes 
clavulata 


76,800 
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Brachionus 
egg; free, 
male 


Epiphanes 
egg, attached, 
emale 
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TABLE 3.—ORGANISMS PER Cusic METER IN PLANKTON OF 
SmitrH’s Cana 1n 1913—(Continued) 


Brachionus Brachionus Brachionus 
patulus plicatilis urceus 


Filinia Filinia 
egg, attached, egg, attached, Filinia 
female male egg, free 


GOO assened cee 6,400 

5 9,600 
185,136 
158,688 


cone ee tee rn 132240 


nr ae SWOT RRA 
ee ee 211,584 
Tuite T5S688 
cata as 423,168 
en. 105,792 


See = eoii5es 
iS 105,792 


Diurella 
egg, free 


Filinia 
longiseta 


800 


Epiphanes 
clavulata 


Keratella 
cochlearis 


476,064 
238,032 
264,480 
502,512 
264,480 
423,168 

$3,200 

79,344 

25,600 
687,648 
105,792 

32,000 
105,792 
264,480 
449,616 


3,173,760 


Epiphanes 
egg; attached, 
female 


Keratella 
egg, attached 


400 
4,800 
2/400 
3,200 
1,600 
19,200 
16,000 
9,600 
12,800 
132,240 
370,272 
211,584 
1,600 
52,896 
238,032 
52,896 

185,136 


211,584 
105,792 
687,648 

1,586,880 
317,376 
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TaBLe 3.—OrGANISMS PER Cusic METER IN PLANKTON OF 


Keratella 
egg, free 


211,584 
52,896 
79,344 

105,792 

3,200 

158,688 
22,400 
79,344 


~ 317,376 


211,584 
264,480 
423,168 
52,896 
52,896 
132,240 
1,600 


~ 6,4°0 
6,400 
3,200 


Trichocerca 
capucina 


SmiryH’s Cana In 1913—(Continued) 


Polyarthra 
Keratella Notholea Polyarthra trigla egg; Synchaeta 
quadrata striata trigla attached, female sp. 


1,600 
8,000 
8,000 


211,584 
211,584 
423,168 
317,376 
158,688 


Trichocerea Total Total Bosmina Chydorus 
iernis Ploima Rotifera longirostris sp. 


6,800 8,400 
36,800 83,200 
71,272 94,308 
LATE Ss 108,144 130,944 
eee fi 481,520 529,520 
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TABLE 3.—ORGANISMS PER Cusic METER IN PLANKTON OF 
SmituH’s Cana In 1913—(Continued) 


Trichocerca 
capucina 


Trichocerca 


lernis 


211,584 
211,584 
38.400 
211,584 
51,200 


Total 
Cladocera 


Total 
Ploima 
$41,344 
324,800 
200,944 
737,424 
696,304 

1,693,792 
1,025,728 
466,368 
441,520 
958,336 
432,576 
1,011,136 
179,200 
506,080 
204,144 
2.377,584 
179,392 
83/200 
434,176 
1,540,288 
1,022,432 
4,896,784 
959,840 
544,384 
1,466,400 


209,888 
420,720 
389,472 

44/800 
197,936 


Canthocamptus 


sp. 


Total 

Rotifera 
934,144 
369,600 
299,488 
976,960 
734,704 
1,762,592 


1,134,624 
5,002,576 

963,040 

703,072 
1,644,288 
1,475,616 

219,488 
1,899,178 
4,125,120 
1,153,536 
2,726,080 


197,936 


Cyclops 
sp. 


Bosmina 
longirostris 


Nauplius 
sp. 


bo 
on 
ito) 


Chydorus 
sp. 


Total 
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TaBLE 3.—ORGANISMS Per Cusic METER IN PLANKTON OF 
SmirH’s Cana 1n 1913—(Continued) 


Sida Total Cauthocamptus Cyclops Nauplius Total 
sp. Cladocera sp. sp. sp. Copepoda 
sede 3,200 eer eee 
ERchcreieet, | Sesvaseveses es 3,200 S asvsetie tes 
REN te Oe: EAN Oi i 3,200 
6:400) 8 oe Gee ee 
3,200 
3,200 
; 3,200 
6,400 6,400 3,200 
Beas ree, o3 3,200 
tate 9,600 
ee se ee 9,600 
3,200 3,200 sdectisdeatscades U Macdentees eee 
: 3,200 3,200 
19,600 24,400 schvecs seat 24,400 
6,400 6,400 scan eee Ue 
Ae ke 6,400 A enree 25,600 
12,800 19,200 12,800 
eee 12/800 44'800 
steeeach 32,000 S sandis Svat sg vbantkewsas 
12,800 ites 6,400 
12,800 25,600 12,800 25,600 
tees 38,400 coagee Sn eee 
Bios: 38,400 ema 
51,200 eter ; shopkeete nates 
12,800 12,800 105 s492 gee ere 118,592 
UPAR ae oe sear scbiwisedeeeeste 25,600 25,600 
25,600 Pe rer rece Bee Tree 12,800 
6,400 59296) 0 ee ates 
SIG OO eer 
se 3,200 
Total Total Macrobiotus Nematode Total Total 
Malacostraca Entomostraca Glochidia sp. sp. Miscellaneous Organisms 
Nate sieee wateanceetee Re ecesc ake eae 1,008,388 
20 SA iene 10,034,524 
ae aN ANOOO MN is ee 6,611,056 
ie eae S00 Mae. 1,600 9,370,608 
oe 6400 tte aS ae 18,043,608 
sedvostesee 3,200 Rieiviasrdin, +, Reese 11,550,608 
a wees 3,200 Bees Baer, 17,982,424 
rae Tab Oe ie, 23/079,776 
aS A eR i oa SR 12,047,088 
— : 3,200 Beet aceate Pee 14,866,400 
eee : 3,200 Sine : Wiiesteose 19,465,312 
ac. 4.800 IKGO0.*, ace 26,761,792 
3,200 Bae 6,492,272 
3,200 11,646,736 


6,400 


13,637,936 
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TABLE 3.—ORGANISMS PrR Cupic METER IN PLANKTON OF 
SmitH’s Cana In 1913—(Concluded) 


Total Total Macrobiotus Nematode Total Total 

1913 Malacostraca Entomostraca Glochidia sp. sp. Miscellaneous Organisms 
4/26 erceacca ll . Acesaheaeecann | Mycoueconeecad as 17,044,080 
d/ 13 D2; SOOPMGRE ees ac fer eceac een Teatro ce hee 5 8,636,424 
5/10 SOOM EMS ack Bikes SSS otsereccere 9,321,920 
5/17 Lee Cae a hee an i Nec CE oeeteaa ee 9,352,280 
5/24 UOT) cnceseres ie 5,949,936 
5/31 19,200 oe cians 5,686,592 
6/7 10°20 ose, ae a. L001 s08 
6/16 OIGOO MAREE, Rts eee! Opa ee : 15,708,784 
6/21 NGO0O arene. Geet, 19,352,112 
6/28 ZESOO Meee scts | metre eetem, Nate ones 26,840,944 
Wo GIAOOM ae ee ac.) Seve, wanine 21,363,952 
7/12 55,240 3200 Wren ea weeestenee 40,626,488 
7/19 TOSOOUI eS Rae Ge. a CNet. ssoutnainnS 
7/26 57,600 6,400 rer Bates 6,400 61,220,318 
8/ 2 38,400 Pee : 6;400" eee 6,400 66,621,792 
8/9 76,800 C400 arene Bee 6,400 114,201'816 
8/15 32,000 UR ares: eee Stearns weve 166,868,542 
8/23 32,000 6,400 eecak ioe aero 6,400 141,852,410 
8/31 90,600 Eeestescness Sesttease : or Recension dliby: iota fey apy 
9/ 6 51,200 eae. s Fees sesestbeses seviiee | LOLOL ;OL4: 
9/13 64,000 Sr ereaes Bea cerecree eiisies seceeee 118,178,940 
9/20 R200 eee ee SE 181305052 
9/27 TLS ea ce pe ee o0le7s426 
10/ 4 SOHO RIt.) BURG MR cues on Sang mieRae 
10/11 38,400 Riese Brae seat 105,792 110,191,392 
1KQ)/1e) Eee | meee Maas: eee re Seccaet eneeeee 1 LON Our440 
10/26 BOOS ikea ou Numata, VGN EOL td orca 76,617,328 
iy, al 59,296 Rae aeiene exe Rh Pt Bp ceceece. seaccaeavane 46,179,728 
WL? 3 kesgestein co SRESREE SERPS aorta eae aes : 25,234,116 
11/15 13,720,308 
Demet OG) hc et | Gasentdacds 17,451,856 
T1733), > aemseyaeicist le Wasnt reer ne ene See 12,172,344 
TOE  cophlee bes ik Sed nr eecl ae. 16,988,928 
TOM EERIE MSO) pene wen © eA ate sae 10,538,544 
12/20 xe Ledabieneate Sectesoenss Sh edeoeae 6,416,352 
MMMM See fevasccstcies aaeamehee ater eis: 3,200 7,787,568 


— 


NINA Ts 
eae es east scieen tele, 
IE OOMNIOU 


rea 
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TABLE 4.—PLANKTON ORGANISMS PER Cusic Meter IN StocKToN CHANNEL, 
Datty Sertes in 1913, 


Spirillum 
undula 
105,792 


~ 3,200 


Total 
Bacteriaceae 


~ 3,200 


Anabaena 


105,792 
158,688 
528,960 
* 528,960 


211,584 
211,584 
158,688 


Gomphosphaera Merismopedium Microcystis 


aponina 


~ 3,200 


~ 3,200 


3,200 


6,400 


glaucum 


3,200 


sp. 
12,800 
158,688 
3,200 
317,376 
105,792 


211,584 
264,480 
264,480 
264,480 
370,272 
317,376 


264,480 
264,480 

3,200 
211,584 

3,200 
264.480 
158,688 

3,200 
264,480 
105,792 
317,376 
105,792 


Aphanacapsa 
sp. 

476,064 
952,128 
528,960 
793,440 
687,648 
634,752 
634,752 
1,005,024 
1,745,568 
1,428,192 
1,163,712 
1,216,608 
793,440 
211,584 
158,688 
3,200 
105,792 
3,200 
6,400 
3,200 


264,480 
264/480 
105,792 
105,792 
211,584 
6,400 
3,200 
12/800 
158,688 


Nostoce 
sp. 
793,440 
320,576 
743,744 
1,428,192 
687,648 
740,544 


476,064 
373,472 
793,440 
1,057,920 
793,440 
1,375,296 
423,168 
740,544 
214,784 
317,376 
264,480 
171,488 
740,544 
528,960 
528,960 
330,176 
746,336 
581,856 


Gloeocapsa 
conglomerata 


sp. 


~ 105,792 
105,792 


3,200 
476,064 
105,792 
370,272 
211,584 
317,376 
370,272 
370,272 
211,584 

1,269,504 
370,272 
317,376 
158,688 
370,272 
476,064 
317,376 
528,960 
158,688 


Gloeocapsa 


105,792 


Oscillatoria 
tenuis 


105,792 
476,064 


476,064 
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TABLE 4.—PLANKTON ORGANISMS PER Cusic METER IN STOCKTON CHANNEL, 


Gomphosphaera Merismopedium 


aponina glaucum 


Phormidium 
spp. 


211,584 
211,584 


~ 370,272 


Lagerheimia 
wratislaviense 


Dairy Series 1n 1913—(Continued) 


Rivularia 
sp. 
3,200 


Pediastrum 
boryanum 


Microcystis 
sp. 

211,584 
317,376 
264,480 
105,792 
3,200 
3,200 


Total 
Schizophyceae 
1,559,584 
1,649,376 
1,857,760 
3,649,824 
2,164,240 
3,279,552 
2,803,488 
4,763,840 
4,723,744 
5,818,560 
5,719,168 
4,919,328 
4,919,328 
1,484,288 
2,648,002 

921,632 
2,280,928 
1,223,008 
1,262,208 
1,705,472 
1,811,264 
2,750,602 
2,449,216 
2,756,992 
2,436,416 
1,543,584 
2.075,744 
1,434,592 

703,648 
2,032,448 
1,226,208 


Pediastrum 
duplex 


476,064 
846,336 
528,960 
1,269,504 
1,005,024 
793,440 
1,110,816 
1,269,504 
899,232 
793,440 
740,544 
793,440 
1,005,024 
634,752 
740,544 


Nostoe 
sp. 
323,776 
267,680 
264,480 
3,200 
581,856 
264,480 


Actinastrum 
hantzschii 


3,200 
3,200 


3,200 
~~ 6,400 


Pediastrum 
simplex 


3,200 


Oscillatoria 
sp. 
317,376 
740,544 
317,376 
476,064 
370,272 
476,064 


Actinastrum 
hantzschii 
(large) 


“12,800 


3,200 
6,400 
105,792 
211,584 
19,200 
19,200 
6,400 
105,792 
105,792 
6,400 
3,200 
6,400 
105,792 
105,792 
19,200 
211,584 
6,400 
3,200 
12,800 
6,400 
19,200 
3,200 


Raphidium 
polymorphum 


~ 264,480 
105,792 


3,200 
3.200 


105,792 
6,400 
3,200 
3,200 


Oscillatoria 
tenuis 


158,688 

3,200 
211,584 
211,584 


Coelastrum 
microporum 


6,400 
105,792 
158,688 
264,480 
158,688 

3,200 
105,792 
158,688 
423,168 
211,584 
158,688 
105,792 
158,688 

3,200 
105,792 
105,792 
105,792 


~ 211,584 


105,792 
476,064 
158,688 

6,400 
158,688 
211,584 
264,480 
105,792 
211,584 
211,584 


Raphidium 
pyrenogerum 


370,272 
3,200 
158,688 


158,688 
105,792 
158,688 


~ 3,200 


264 
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TABLE 4.—PLANKTON ORGANISMS PER CuBic METER IN STOCKTON CHANNEL, 
Dali.y SERIES IN 1913—(Continued) 


Lagerheimia 


wratislaviense 


Scenedesmus 
obliquus 


158,688 

3,200 
476,064 
370,272 
211,584 
370,272 


211,584 
211,584 
528,960 
264,480 
423,168 
264,480 
317,376 
528,960 

2200 
158,688 
476,064 
105,792 
317,376 
211,584 
687,648 
740,544 
370,272 
476,064 
317,376 

3,200 
634,752 
105,792 
264,480 
264,480 


Bacillaria 
paradoxa 


Pediastrum 
boryanum 


“12,800 


~ 6,400 
105,792 


~~ 6,400 
“19,200 


~ 3,200 
~ 6,400 


Scenedesmus 
quadricauda 


370,272 
687,648 
634,752 
1,163,712 
634,752 
1,057,920 
1,005,024 
476,064 
1,005,024 
1,057,920 
264,480 
1,375,296 
$99,232 
423,168 
952,128 
264,480 
158,688 
423,168 
581,856 
793,440 
899,232 
1,005,024 
1,692,672 
1,481,088 
687,648 
634,752 
581,856 
1,005,024 
899,232 
423.168 
846,336 


Cyclotella 

kiitzingii 
370,272 
740,544 
211,584 
1,005,024 
264,480 
581,856 


Pediastrum 
duplex 


211,584 
211,584 
476,064 
634,752 
528,960 
317,376 
793,440 
793,440 
634,752 
740,544 
740,544 
528,960 
423.168 
476,064 
634,752 
740,544 


Schroederia 
setigera 


"3,200 


3,200 
~ 105,792 
158,688 


~ 158,688 
264,480 


~ 158,688 


Cyclotella 
operculata 
13,911,648 
8,780,736 
11,901,600 
12,906,624 
12,060,288 
13,858,752 


Raphidium 
polymorphum 


Pediastrum 
simplex 


6,400 
3,200 
12/800 
158,688 


“105,792 
6,400 


12300 158,688 


Total 
Chlorophyceae 
1,021,024 
1,649,376 
1,907,456 


Asterionella 
gracillima 


~ 105,792 


Cymbella 
eymbiformis 


Raphidium 
pyrenogerum 


370,272 
264,480 


Amphiprora 
alata 


Cymbella 
tumida 


1920] 
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Bacillaria 
paradoxa 


Epithemia 
ocellata 


Datzy Serres in 1913—(Continued) 


Cyclotella 
kutzingii 
370,272 
211,584 
476,064 
846,336 
634,752 
423,168 
528,960 
317,376 
264,480 
105,792 
105,792 
105,792 
158,688 
105,792 
211,584 
581,856 
793,440 
952/128 
317,376 
952,128 
740,544 
1,163,712 
1,692,672 
1,692,672 
1,269,504 


Gyrosigma 
kutzingii 


Cyclotella 
operculata 


13,118,208 
16,556,448 
26,448,000 
37,291,680 
36,022,176 
45,331,872 
46,178,208 
31,949,184 
24,014,784 
14,070,336 
16,133,280 
18,672,288 
11,584,224 
13,647,168 
13,964,544 
16,768,032 
18,143,328 
16,820,928 
16,397,760 
14,916,672 
17,032,512 
16,186,176 
13,224,000 
12,271,872 
10,579,200 


Gyrosigma 
scalproides 


Cymbella 
affinis 


Melosira 
granulata 


1,005,024 
1,745,568 
1,110,816 
1,481,088 
1,481,088 
1,798,464 
2,433, 216 
2,697,696 
1,269,504 
1,533,984 
1,216,608 
1,586,880 
2/486, 112 
1,957,152 
2,168,736 

476,064 
1,163,712 
2,221,632 
1,428, 192 
3,226,656 
1,163,712 
2,962,176 
2,327,424 
3,279,552 
2,010,048 
2,539,008 
1,904,256 
1,163,712 
3,914,304 
4,707,744 
3,544,032 


Cymbella 
cymbiformis 


Melosira 
varians 


Cymbella 
tumida 


Navicula 
alpestris 
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TABLE 4.—PLANKTON ORGANISMS PER Cusic METER IN STOCKTON CHANNEL, 


Navicula 
bacillum 


3,200 
3,200 


“3,200 


"105,792 
158,688 


~ 105,792 
~~ 3,200 
~ 105,792 

3/200 


3,200 
3,200 


Surirella 
sp. 


Datty Series in 1913—(Continued) 


Navicula 
gracilis 


3,200 


105,792 

3,200 
158,688 

3/200 
158,688 
264,480 
105,792 
370,272 
370,272 
211,584 

3,200 

3,200 
158,688 

3,200 
105,792 
105,792 
423.168 
476,064 
370,272 
317,376 
370,272 
264/480 
211,584 
264,480 

3,200 
317,376 


Synedra 
radians 


5,501,184 
5,765,664 
4.284576 
4,496,160 
3,279,552 
1,322,400 
634,752 
528,960 
528,960 
793,440 
581,856 
370,272 
476,064 
899,232 
687,648 
476,064 
1,005,024 


Nitzschia 
acicularis 
4,284,576 
2,750,592 
4,337,472 
3,967,200 
2,909,280 
4,760,640 
5,448, 288 
4,866,432 
6,083,040 
5,130,912 
4,496,160 
5,025,120 
5,183,808 
31914304 
4,125,888 
2,062,944 
2'697,696 
2697,696 
2,380,320 
2,909,280 
4.231680 
6,982,272 
9,309,696 
7,088,064 
6,030,144 
3,755,616 
4,813,536 
3,544,032 
3,385,344 
3,226,656 
3,702,720 


Synedra 
ulna 


423,168 
370,272 
952,128 
899,232 
476,064 
581,856 
370,272 
423.168 
740,544 
637,952 
846,336 
634,752 
1,110,816 
317,376 
317,376 
264,480 
476,064 
370,272 
528,960 
476,064 
211,584 
687,648 
793,440 
899,232 
899,232 


Nitzschia 
sigma 


Total 
Bacillariaceae 


20,001,088 
14,397,312 
18,619,392 
20,374,560 
17,204,000 
21,749,856 
21,743,456 
24,761,728 
40,709,024 
51,741,888 
47,625,600 
58,002,816 
59,463,008 
39,790,592 
31,801,600 
17,543,776 
21,127,904 
25,045,408 
16,675,040 
20,863,424 
20,387,360 
29 637,760 
32,809,824 
29,918,240 
27,263,840 


Nitzschia 
vernucularis 


Pleurostauron 
parvulum 


Closterium 
rostratum 


sp. 


158,688 
3,200 
3,200 
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Surirella 
sp. 
6,400 
6,400 
105,792 


~~ 12,800 
25,600 


Staurastrum 
A 


Chilomonas 
sp. 


Daity Series 1n 1913—(Continued) 


Synedra 
radians 


423,168 
476,064 
846,336 
370,272 
370,272 
793,440 


Staurastrum 
sp. 


“3,200 
3,200 


Chlamydomonas 
sp. 


105,792 
05,792 


Synedra 
ulna 


528,960 
370,272 
423.168 
423,168 
634,752 
211,584 


Total 
Conjugatae 
6,400 
3,200 


~~ 3,200 
118,592 


Chromulina 
sp. 
634,752 
1,428,192 
2291632 
3,385,344 
2'486,112 
3,596,928 
3,120,864 
4,919,328 
6,664,896 
7,088,064 
6,188,932 
5,183,808 
4,866,432 
4,760,640 
6,929,376 


Total 


Bacillariaceae 


23,495,424 
25,745,856 
23,766,304 
23'354,240 
22.967,968 
20,630,944 


Total 
Chlorophyll 
bearing 

24,657,440 
20,518,752 
25,811,552 
31,487,424 
24'516,656 
31,763,090 
30,378,304 
37,862,232 
56,860,504 
68,840,096 
62,240,896 
71,364,608 
72,392,032 
48,292,352 
43,953,794 
22,560,800 
27,722,208 
30,423,104 
23,044,054 
27,956,192 
27,893,696 
44,063,882 
45,490,368 
42,223,606 
39,375,328 
31,213,344 
33,447,776 
34,225,216 
30,601,496 
32,774,432 
31,681,322 


Eudorina 
elegans 


Closterium 
rostratum 


3,200 
6,400 
3,200 


~ 3,200 


Total 
Algae 
22,693,888 
17,699,264 
22,384,608 
27,727,104 
21,506,480 
27,521,810 
26,778,176 
31,667,000 
48,450,040 
60,852,800 
55,047,040 
66,012,512 
67,089,632 
42,953,056 
36,912,226 
19,069,664 
24'227.872 
27,930,592 
19,758,112 
24,538,848 
24,190,976 
35,865,002 
39,133,248 
35,234,934 
32,019,584 
26,967,864 
29,057,408 
27'821,600 
25,771,960 
27/104,960 
24,312,778 


Euglena 
viridis 


211,584 
3,200 
105,792 
793,440 
1,057,920 
370,272 
634,752 
158,688 
423/168 
476,064 
6,400 


Mougeotia 
sp. 


Cercomonas 
crassicauda 


Hemidinium 
nasutum 


268 
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OID Or He 


University of California Publications in Zoology 


[ Vor. 22 
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Chilomonas 
sp. 


Dairy SErRIgs In 1913—(Continued) 


Chlamydomonas 
sp. 


Peridinium 
cinctum 


1,005,024 
581,856 


317,376 
317,376 
105,792 
6,400 
105,792 
3,200 


Trachelomonas 
volvocina 


264,480 
317,376 
528,960 
211,584 
264,480 
528,960 


Total 
Mastigophora 
2,069,344 
2,819,488 
3,426,944 
3,760,320 
3,016,576 
4,241,280 


Chromulina 


Pleodorina 
californica 


Eudorina 
elegans 


Pteromonas 
sp. 
158,688 


Amoeba 
radiosa 


Difflugia 
pyriformis 

211,584 

476,064 


Euglena 
viridis 

476,064 
634,752 
211,584 
105,792 
476,064 
423/168 
370,272 
634,752 
423,168 
423,168 
423,168 
158,688 
264/480 
105,792 
3,200 
12,800 


Synura 
uvella 


158,688 


Microgromia 


socialis 


Hemidinium 
nasutum 


2,327,424 
528,960 
846,336 

2,486,112 
634,752 
634,752 

1,639,776 


Trachelomona 
euchlora 


211,584 


Total 
Rhizopoda 
224,384 
479,264 
267,680 
19,200 
270,880 
3,200 


1920] 


Allen: Plankton of the San Joaquin River 


TasLe 4.—PLANKTON OrGANISMS Per Cusic Meter 1n Stockton CHANNEL, 


Trachelomonas 
volvocina 


370,272 
476,064 
687,648 
105,792 


105,792 
370,272 


Heterophrys 
fockei 


317,376 


Dairy Series 1n 1913—(Continued) 


Total 
Mastigophora 
3,600,128 
6,195,232 
8,410,464 
7,987,296 
7,193,856 
5,352,096 
5,302,400 


S 
re 
= 
i) 

for) 
w 


rs 
5) 
S 
or 
=| 
w 


s Nwwn 
He bo c= C 
— Re) 
N e 
vy) Se) on 
ec Wud 
Hm bobo 


J 
S 
or 
Re) 
to 
o 


WHWOWR = 
Steaks 
&. ¢ 
for) 
=i 
bo 


(244,480 
(390,368 
03,616 
32,736 
669,472 
(368,544 


) 


NST DHE IB NI > 00 Go Co Co 
lore’ aims 


w 


Raphidiophrys ~ 


elegans 
528,960 
740,544 
846,336 
1,110,816 
846,336 
370,272 
423,168 
158,688 
1,110,816 
1,005,024 
370,272 
528,960 
158,688 
211,584 
370,272 
105,792 
264,480 
317,376 
317,376 
317,376 
105,792 
370,272 
476,064 
423,168 
528,960 
370,272 
476,064 
687,648 
1,269,504 
740,544 
952,128 


Amoeba 
radiosa 


Total 
Heliozoa 

528,960 
740,544 
846,336 
1,110,816 
846,336 
370,272 
423 168 
158,688 
1,110,816 
1,005,024 
370,272 
528,960 
158,688 
211,584 
370,272 
112,192 
310,272 
317,376 
317,376 
317,376 
105,792 
370,272 
476,064 
528,960 
528,960 
415,072 
581,856 
694,048 
1,798,464 
1,269,504 
1,269,504 


Difflugia 
pyriformis 


6,400 
6,400 
3,200 
105,792 

6,400 


105,792 
158,688 
264,480 
211,584 


Holophrya 
sp. 
158,688 
105,792 
158,688 
105,792 
211,584 
211,584 
423,168 


158,688 
105,792 
105,792 
264,480 
105,792 

3,200 
158,688 


Microgromia 


socialis 


“3,200 
~ 3,200 


105,792 
105,792 


"158,688 
105,792 


Prorodon 
sp. 


~ 3,200 


Total 


Rhizopoda 


3 200 
3,200 
6,400 
3,200 
112,192 
12,800 
9,600 
6,400 
108,992 
6,400 


~ 105,792 


370,272 
158,688 
267,680 
217,984 
12,800 
211,584 
3,200 
6,400 


~ 158,688 


105,792 


Tintinnidium 
fluviatile 


~ 105,792 


105,792 
3,200 
~ 6,400 
6,400 
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Vorticella 
B 
3,200 

158,688 
211,584 
370,272 
634,752 


105,792 
158,688 


Rotaria 
neptunia 


Datny SERIES IN 1913—(Continued) 


Vorticella 
longifilum 


3,200 
6,400 


"3,200 


Rotaria 
rotatoria 


19,200 
25,600 
6,400 
12,800 
6,400 
25,600 
3,200 
211,584 
38,400 
264,480 
6,400 
19,200 
317,376 
6,400 


~ 6,400 
19,200 
19,200 


Vorticella 
sp. 
2,644,800 
1,375,296 
1,057,920 
1,110,816 

476,064 
1,322,400 
846,336 
740,544 
634,752 
1,163,712 
846,336 
1,110,816 
1,163,712 
370,272 
1,057,920 
476,064 
370,272 
1,005,024 
476,064 
899,232 
793,440 
1,269,504 
1,957,152 
1,586 880 
2,010,048 
899,232 
1,533,984 
1,269,504 
1,639,776 
1,957,152 
1,692,672 


Rotifer 
unidentified 
158,688 
211,584 
3,200 
6,400 
3,200 


3,200 
158,688 
158,688 

3.200 

19,200 
264,480 

3,200 
158,688 

3,200 

3,200 

3,200 
105,792 

25,600 
105,792 


211,584 
105,792 


Total 
Ciliata 
2,806,688 
1,490,688 
1,216,608 
1,216,608 

687,648 
1,533,984 
1,269,504 

743,744 

846,336 
1,269,504 
1,375,296 
1,116,216 
1,163,712 

370,272 
1,057,920 

476,064 

634,752 
1,008,224 

476,064 

905,632 
1,163,712 
1,487,488 
2,274,528 
1,745,568 
2:171,936 
1,117,216 
1,748,768 
1,537,184 
1,748,768 
1,966,752 
1,860,950 


Total 
Bdelloida 

177,888 
237,184 
16,000 
19,200 
9,600 
25,600 
16,000 
214.784 
196,088 
426,368 
9,600 
38,400 
581,856 
9,600 
158,688 
9,600 
19,200 
22/400 
317,376 
115,392 
112,192 
38,400 
131,392 
211,584 
105,792 


Total, Protozoa Total, Protozoa 


without 
Mastigophora 


3,560,032 
2,707,496 
2,330,624 
2,346,624 
1,804,864 
1,907,456 
1,692,672 

905,632 
1,960,352 
2,280,928 
1,748,768 
1,757,368 
1,335,200 

591,456 
1,434,592 

697,448 

951,424 
1,325,600 

899,232 
1,593,280 
1,428,192 
2,125,440 
2,968,576 
2,287,328 
2.912.480 
1,535,488 
2/337,024 
2,231,232 
3,547,232 
4.394.944 
4,236,246 


Anuraeopsis 
fissa 


with 
Mastigophora 
5,629,376 
5,526,984 
5,757,568 
6,106,944 
4,821,440 
6,148,736 
5,292,800 
7,100,864 
10,370,816 
10,268,224 
8,942,624 
7,109,464 
6,637,600 
5,933,952 
8,476,160 
4,188,584 
4,445,760 
3,818,112 
4,185,184 
5,010,624 
5,134,112 
10,324,320 
9,325,696 
9,276,000 
10,268,224 
5,779,968 
6,727,392 
8,634,848 
8,379,968 
10,064,416 
11,604,790 


Asplanchua 
brightwelli 


158,688 
57,600 
70,400 
19,200 
19,200 
89,600 
51,200 
44,800 
76,800 

158,688 
64,000 
12,800 
19,200 

105,792 

6,400 
12/800 
19,200 
25,600 

3/200 
12,800 
19,200 
38,400 
12,800 
32,000 
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TasBLE 4.—PLANKTON ORGANISMS Per Cusic METER IN STOCKTON CHANNEL, 
Datzy Series In 1913—(Continued) 


Rotaria 
neptunia 


6,400 
6,400 


Brachionus 
angularis 


3,200 
3,200 
3,200 


"158,688 


Brachionus 
egg; attached, 
male 


Rotaria 
rotatoria 


6,400 
12,800 


Brachionus 
angularis 
caudatus 


476,064 
423.168 
264,480 

1,269,504 

1,163,712 
581,856 

1,005,024 

1,375,296 
581,856 
846,336 
740,544 
793,440 

1,057,920 

1,110,816 
793,440 
476,064 
370,272 
528,960 
317,376 
740,544 

1,216,608 

1,481,088 

3,755,616 

1,851,360 
581,856 
423168 
264,480 
581,856 
211,584 
211,584 
264,480 


Brachionus 
egg; free, 
female 


1,005,024 
581,856 
793,440 

1,057,920 
899,232 

1,269,504 
846,336 

1,005,024 
740,544 
528,960 
687,648 
370,272 
476,064 

1,005,024 


Rotifer 
unidentified 


3,200 
~ 158,688 
3,200 
3,200 
105,792 


Brachionus 


budapestenensis 


Brachionus 
patulus 


Total Anuraeopsis 
Bdelloida fissa 
16,000 caneseesntvacess 
19,200 6,400 
161,888 Seeteaaeeese 
41,600 
174,688 
112,192 
Brachionus Brachionus 
calyciflorus capsuliflorus 
3,200 
6,400 
19,200 
6,400 
6,400 
Pee 6,400 
ee Yak: 6,400 
Brachionus Brachionus 
plicatilis urceus 
6,400 44,800 
Sebsea sets 6,400 
12,800 
19,200 
44/800 
211,584 
158,688 
528,960 
370,272 
581,856 
528,960 
528,960 
47,064 
1,216,608 


Asplanchua 
brightwelli 


25,600 


18,200 
44,800 
105,792 
12800 


Brachionus egg; 
attached, 
female 


158,688 
105,792 
105,792 
528,960 
687,648 
264,480 
317,376 
528,960 
317,376 
687,648 
423,168 
846,336 
264,480 
370,272 
476,064 
158,688 
211,584 
581,856 
158,688 
476,064 
846,336 
370,272 

1,428,192 
634,752 
211,584 

12,800 
211,584 
370,272 
264,480 
105,792 
158,688 


Diurella 
ege 
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Brachionus 
egg; attached, 
male 


Filinia 
brachiata 
3,200 


Keratella 
egg, free 


476,064 
264,480 
105,792 
158,688 
211,584 


Datity Serres in 1913—(Continued) 


Brachionus 
egg; free, 
female 


264,480 
423,168 
846,336 
1,057,920 
740,544 
528,960 
1,057,920 
476,064 
1,851,360 
528,960 
952,128 
423,168 
423/168 
528,960 
423,168 
158,688 
317,376 


Filinia egg; 


attached, 
female 


158,688 
105,792 
105,792 
3,200 
3,200 


"6,400 


Keratella 
quadrata 


1,163,712 
317,376 
317,376 
687,648 
264,480 


Brachionus 
patulus 


105,792 
211,584 
105,792 
105,792 

3.200 
105,792 
105,792 
158,688 
211,584 
211,584 
105,792 
158,688 
105,792 
158,688 
158,688 


"211,584 
158,688 


Polyarthra 
trigla 


158,688 
211,584 
528,960 
740,544 
899,232 


Brachionus 
plicatilis 


Filinia 
longiseta 

1,375,296 
370,272 
317,376 
264,480 
12,800 
44/800 
158,688 
105,792 
158,688 
211,584 


Polyarthra 
trigla egg, 
attached 


Brachionus 
urceus 


370,272 
740,544 
634,752 
634,752 

6,400 
211,584 
370,272 
423,168 
528,960 
528,960 
370,272 
105,792 
158,688 
423.168 
370,272 
423,168 
317,376 


Keratella 
cochlearis 
793,440 
211,584 
476,064 
211,584 
211,584 
423,168 
581,856 
423,168 
476,064 
476,064 
158,688 
12,800 
32,000 
25,600 
32,000 
158,688 
158,688 


Synchaeta 
sp. 

528,960 

19,200 


“12,800 


Diurella 
egg 


Keratella egg, 
attached 


211,584 


Trichocerca 
capucina 
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Keratella 
egg, free 


317,376 
370,272 
687,648 


105,792 


3,200 
105,792 


Trichocerca 
iernis 


19,200 
19,200 
158,688 
317,376 
211,584 
370,272 
476,064 
317,376 
264,480 
105,792 
6,400 
3,200 
6,400 


12,800 
3,200 
6,400 
6,400 

19,200 

25,600 

25,600 

19,200 

12,800 
6,400 


Daty Serres In 1913—(Continued) 


Keratella 
quadrata 


528,960 

687,648 
1,322,400 
1,110,816 
1,057,920 
1,110,816 

952,128 

687,648 
1,322,400 

846,336 
1,057,920 

846,336 
1,110,816 
1,692,672 
1,163,712 
2,010,048 
2,062,944 
5,554,080 
2,644,800 
4,601,952 
2,010,048 
2,856,384 
2,909,280 
1,110,816 

423,168 
1,057,920 


Total 
Ploima 
7,111,968 
3,229,664 
3,590,336 
5,921,656 
5,127,720 
6,445,024 
6,884,384 
8,578,056 
6,113,344 
5,940,352 
4,252,384 
4,348,576 
3,419,552 
5,557,088 
3,390,048 
3,373,856 
3,588,832 
4,966,136 
3,428,256 
3,010,176 
6,069,000 
5,972,352 

15,098,656 
7,241,956 
8,434,368 
4,255,784 
5,384,096 
5,816,864 
3,639,032 
1,958,656 
2'859,088 


Polyarthra 
trigla 
1,745,568 
1,798,464 
1,692,672 
1,904,256 
1,163,712 

370,272 
687,648 

38,400 
76,800 
158,688 
$9,600 
158,688 
101,400 
134,400 
211,584 
476,064 
634,752 
1,216,608 
581,856 
846,336 
952,128 
846,336 
793,440 
793,440 
264,480 
264,480 


Total 
Rotifera 
7,289,956 
3,466,848 
3,606,336 
5,940,856 
5,187,320 
6,470,624 
6,900,384 
8,792,840 
6,309,432 
6,367,720 
4,261,984 
4,386,976 
4,001,408 
5,566,688 
3,548,736 
3,383,456 
3,608,032 
4,988,536 
3,745,632 
3,125,568 
6,181,192 
6,010,752 

15,230,048 
7,453,440 
8,540,160 
4,271,784 
5,403,296 
5,978,752 
3,680,632 
2,133,344 
2:971,280 


Polyarthra 
trigla egg, 
attached 


3,200 


Bosmina 
longirostris 


Synchaeta 
sp. 


“3,200 
"3,200 


6,400 


~ 12,800 
6,400 
3,200 


~ 6,400 
6.400 


6,400 


Trichocerca 
capucina 


~ 3,200 


~~ 3,200 


3,200 


Total 
Cladocera 
6,400 
32,000 
6,400 
~ 6,400 
12/800 
6,400 
12,800 
~ 6,400 
~ 12,800 
12,800 


bo 
=~] 
Ts 


1913 
7/5 
7/6 
Ut 
TAS 
7/9 
7/10 
7/11 
7/12 
7/13 
7/14 
7/15 
7/16 
7/17 
7/18 
7/19 
7/20 
7/21 
7/22 
7/23 
7/24 
7/25 
7/26 
7/27 
7/28 
7/29 
7/30 
7/31 
8/1 
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Cyclops 
268,800 
332,800 
317,376 
317,376 
370,272 
230,400 
358,400 
740,544 
268,800 
687,648 
476,064 
454,400 
264,480 
581,856 
687,648 
581,856 
581,856 
3,173,760 
264,480 
264,480 
423,168 
264,480 
476,064 
528,960 
634,752 
317,376 
423,168 
$46,336 
581,856 
264,480 
317,376 


Datny SERIES IN 1913—(Concluded) 


Nauplius 
1,057,920 
634,752 
528,960 
793,440 
1,163,712 
793,440 
740,544 
856,336 
1,375,296 
1,428,192 
1,057,920 
793,440 
740,544 
581,856 
740,544 
899,232 
1,745,568 
1,692,672 
1,110,816 
899,232 
952,128 
687,648 
952,128 
793,440 
1,269,504 
740,544 
581,856 
899,232 
1,322,400 
$46,336 
1,163,712 


Total 
Copepoda 
1,326,720 

967,552 

846,336 
1,110,816 
1,533,984 
1,023,840 
1,098,944 
1,586,880 
1,644,096 
2,115,840 
1,533,984 
1,247,840 
1,005,024 
1,163,712 
1,428,192 
1,481,088 
2,327,424 
4,866,432 
1,375,296 
1,170,112 
1,375,296 

952,128 
1,428,192 
1,322,400 


Total 
Entomostraca 
1,333,120 

999,552 

852,736 
1,110,816 
1,533,984 
1,030,240 
1,111,744 
1,593,280 
1,656,896 
2,115,840 


958,528 
1,434,592 
1,322,400 
1,904,256 
1,064,320 
1,005,024 
1,745,568 
1,917,056 
1,117,216 
1,487,488 


Glochidia 


Total 

Organisms 
36,946,240 
27,692,648 
32,601,248 
40,885,720 
32,992,824 
41,171,410 
40,083, 104 
49,153,984 
66,787,184 
79,604,584 
69,792,032 
78,756,792 
78,746,464 
55,630,208 
50,284,514 
28,135,592 
34,609,088 
41,632,472 
29,064,214 
33,857,952 
36,887,976 
53,158,602 
65,123,584 
53,286,774 
52,735,424 
38,088,136 
42,199,520 
44,180,768 
39,749,616 
40,419,936 
40,376,336 
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TABLE 5.—PLANKTON ORGANISMS PER Cusic METER IN SmitH’s CANAL, 
Hourty SeErIgs IN 1913 


1913 Lamprocystis 
8/11 sp. 

7 AM. 

8 A.M. 

9 A.M. 
ASM 9) 2ecceosc.eece 
11 a.m. 
12 mM. 

1 P.M. 

2 P.M. 

3 P.M. eee cae 
4 P.M. 52,896 
5 P.M. 52,896 
SPAS HP IME oc -sccc, 
6:40 P.M. 6,400 

1913 Glococapsa 
8/11 sp. 

7 AM. 343,824 
8 a.m. 343,824 
9 aM. 264,480 
10 a.m. 343,824 
11 a.m. 343,824 
12M. 158,688 
1 P.M. 766,992 
2 P.M. 661,200 
3 P.M. 608,304 
4 P.M. 608,304 
5 P.M. 925,680 
5:48 p.m. 714,096 
6:40 p.m. 925,680 
1913 Phormidium 
8/11 foveolarum 
7 AM. 211,584 
8 A.M. 158,688 
9 A.M. 158,688 
10 a.m. ees 
11 a.m. 52,896 
12 m. 264,480 
1 P.M. 264,480 
2 P.M. 343,824 
3 P.M. 211,584 
4 P.M. 264,480 
5 P.M. 264,480 
5:48 P.M. ..... if 
Gr4ONP IM. oo ccccceecc-nn 
1913 Pediastrum 
8/11 boryanum 
7 AM. Se 
8 A.M. 12,800 
9 A.M. a Pee 
10 A.M. 
AURIRPANIE ph | s2s. sheets 
12 mM. 12,800 
1 P.M. 52,896 
2 P.M. 19,200 
3 P.M. 12,800 
4 pM. 105,792 
5 pm. 158,688 
5:48 p.m. 105,792 
6:40 p.m. 6,400 


Total 
Bacteriaceae 


52, 896 
52,896 
6,400 


Gomphosphaera 
aponina 


52,896 


~ 158,688 


Stigonema 
ocellatum 


6,400 
52,896 


Pediastrum 
duplex 


449,616 
766,992 
396,720 
449,616 
661,200 
608,304 
1,216,608 
1,163,712 
1,110,816 
925, 480 
523,984 
1.481,088 
1,216,608 


Anabaena 
sp. 
105,792 
343,824 
52,896 
396,720 
449,616 
449,616 
502,512 
1,163,712 
1,719,120 
1,666,224 
3,861,408 
3,967,200 
5,236,704 


Microeystis 
sp. 
211,584 
343,824 
449,616 
158,688 
105,792 
661,200 
264,480 
343,824 
343,824 
396,720 
502,512 
502,512 
449,616 


Total 


Schizophyceae 


1,454,644 
1,461,040 
984,976 
1,454,640 
1,533,984 
2,545,408 
2,115,840 
5,871,456 
8,096,640 
8,701,394 
10,083,088 
8,542,704 
12,040,250 


Pediastrum 
simplex 


6,400 
52,896 


105,792 
158,688 
52,896 
6,400 
52,896 
105,792 
2.896 
12,800 
25,600 
6,400 


Aphanocapsa Coelosphaerium 


sp. kitzingianum 
264,480 
158,688 
6,400 
52,896 : 
211,584 52,896 
343,824 : 
158,688 
105,792 
502,512 
211,584 
158,688 
105,792 A ? 
158,688 52,896 
Nostoce Oscillatoria 
sp. sp. 
211,584 
52,896 
52,896 
396,720 : 
105,792 158,688 
459,616 ; 
52,896 
3,120,864 
4,522,608 
5,448,288 Mth 
3,914,304 449,616 
2,697,696 502,512 
3,306,000 264,480 
Actinastrum 
Actinastrum hantzschii 
hantzschii (large) 
105,792 
158,688 
264,480 
: 343,824 
52,896 502,512 
6,400 211,584 
52,896 449,616 
52,896 343,824 
52,896 661,200 
52,896 264,480 
396,720 
52,896 502,512 
6,400 608,304 
Raphidium Raphidium 


polymorphum 


105,792 
52,896 
6,400 


52,896 


pyrenogerum 


~ 52,896 


Gloeocapsa 
conglomerata 


52,896 
6,400 


105,792 
52,896 
6,400 
105,792 
52,896 
52,896 
52,896 


158,688 


Oscillatoria 
tenuis 


105,792 
52/896 


Coelastrum 
microporum 


105,792 
105,792 
105,792 
52,896 
105,792 
158,688 
52.896 
6,400 
19,200 
158,688 
52,896 
211,584 
264,480 


Scenedesmus 
oblate 


52,896 
264480 
52,896 
211,584 
52,896 


52,896 
343,824 
343,824 
211,584 
264,480 
158,688 
158,688 
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1913 Scenedesmus 
8/11 quadricauda 
7 AM. 158,688 
8 A.M. 264,480 
9 A.M. 105,792 

10 A.M. 211,584 

11 a.m. 264,480 

12 mM. 158,688 
1 P.M. 264,480 
2 P.M. 449,616 
3 P.M. 449,616 
4 P.M. 396,720 
5 P.M. 555,408 
5:48 p.m. 588,408 
6:40 p.m. 925,680 
1913 Cyclotella 
9/11 kitzingii 
7AM. 1,428,192 
8am. 1,005,024 
9am. 1,322,400 

10 a.m. 1,666,224 

llam. 1,269,504 

12 mM. 819,888 
lpm. 1,719,120 
2pm. 1,983,600 
3PM. 2,195,184 
4pm. 2,036,496 
5pm. 2,539,008 
5:48 p.m. 1,877,808 
6:40 p.m. 1,428,192 
1913 Fragillaria 
8/11 capucina 
7 AM. 6,400 
8 A.M. 

9 A.M. 

10 A.M. 

11 a.m. 

IDA ee? ber ter estes 
TRPIME GD eeeceeee 
2 P.M. 52,896 
3 P.M. 6,400 
AMP UM. 9 ictesivetsacens 
‘OiPIM ee cee ee es 
5:48 p.m. 52,896 
Gr4O WP Mii eee sees 
1913 Melosira 
8/11 varians 
7 AM. 

8 A.M. 
QUAUMS° -dvacecesachceais 

10 a.m. 52,896 

11 a.m. 52,896 


Howr.y SERIES IN 1913—(Continued) 


Schroederia 
setigera 


Cyclotella 
operculata 


3,808,572 
4,311,024 
4,178,784 
3,464,688 
2,750,592 
2,697,696 
3,623,376 
4,178,784 
2,856,384 
3,702,720 
4,072,992 
4,072,992 
5,395,392 


Gomphonema 


constrictum 


Total 
Chlorophyceae 

673,392 
1,467,440 

661,200 
1,031,472 
1,295,952 

997,776 
1,751,968 
2,194,336 
2,147,840 
1,910,656 
2,578,256 
2,696,848 
2,743,334 


Asterionella 
gracillima 


52,896 


Cymbella 
eymbiformis 


Gyrosigma 
acuminatum 


Navicula 
alpestris 


12,800 


Navicula 
bacillum 


158,688 
105,792 


105,792 
52,896 


Gyrosigma 
kitzingii 

52,896 

52,896 


211,584 
105,792 
158,688 
6,400 
396,720 
52,896 
105,792 


Navicula 
didyma 


Amphiprora 
alata 


158,688 
264,480 
502,512 
502,512 
502,512 
211,584 
343,824 
211,584 
211,584 
105,792 

52,896 
158,688 
264,480 


Cymbella 
tumida 


Gyrosigma 
scalproides 
158,688 
343,824 
158,688 
343,824 
158,688 
52,896 
343,824 
449,616 
819,888 
766,992 
925,680 
1,057,920 
661,200 


Navicula 
dubia 


Bacillaria 
paradoxa 


264,480 
211,584 
158,688 
211,584 

60,800 
343,824 
211,584 
396,720 
449,616 
343,824 
158,688 
343,824 
158,688 


Epithemia 
ocellata 


52,896 


Melosira 
granulata 


10,790,784 
10,526,304 
8,436,912 
8,198,880 
8,489,808 
9,568,384 
12,668,592 
19,883, 104 
20,655,888 
24,067,680 
34,990,704 
31,737,600 
35,863,488 


Navicula 
gracilis 


1,269,504 
1,163,712 
766,992 
1,005,024 
1,163,712 
819,888 
872,784 
1,163,712 
872,784 
1,269,504 
1,586,880 
1,216,608 
2,142,288 
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1913 Navicula 
8/11 viridis 


5:48pm. 6,400 
6:40 P.M. 6,400 


1913 Surirella 
8/11 sp. 

7 AM. 158,688 
8 A.M. 343,824 
9 A.M. 211,584 


10 a.m. 60,800 
11 a.m. 211,584 
12'M. 80,000 


1 p.m. 158,688 
2 P.M. 396,720 
3 P.M. 608,304 
4 P.M. 502,512 
5 P.M. 449,616 
5:48 p.M. 396,720 
6:40 p.m. 396,720 


1913 Closterium 
8/11 rostratum 
7 A.M. 6,400 
8 P.M. 6,400 
OPA S Ab A certecie es 
10 a.m. 52,896 
11 A.M. 6,400 
1 1 Sa Recoeteere ae 
1 P.m. 6,400 
2 P.M. 52,896 
3 P.M. 52,896 
4 PM. 52,896 


5 P.M. 105,792 
5:48 p.m. 52,896 
(E05 2 eee eee 


1913 Total 
8/11 Algae 
7AM. 31,996,026 
8 am. 21,060,304 
9am. 19,557,124 
10 a.m. 21,066,912 
ll a.m. 20,339,776 
12 mM. 19,958,608 
lpm. 26,413,256 
2P.M. 39,724,656 
3PM. 42,793,872 
4pm. 46,524,776 
5 p.m. 61,656,448 
5:48p.M.56,696,516 
6:40P.M.68,856,096 


Nitzschia 
acicularis 
449,616 
502,512 
343,824 
158,688 
396,720 
105,792 
264,480 
502,512 
661,200 
343,824 
872,784 
1,322,400 
1,877,808 


Synedra 
ulna 


158,688 
211,584 
396,720 
608,304 
396,720 
343,824 
158,688 
211,584 
211,584 

52,896 
105,792 
396,720 
714,096 


Mougeotia 
sp. 
264,480 
608,304 
608,304 
608,304 
211,584 
661,200 
766,992 
343,824 
1,057,920 
872,784 
1,216,608 
1,110,816 
2,089,392 


Cercomonas 
crassicauda 


Nitzschia 
sigma 
52,896 
52,896 
158,688 


"343,824 
158,688 


158,688 

59,296 
158,688 
211,584 


~ 158,688 


Synedra 
radians 


343,824 
158,688 
264,480 
264,480 
555,408 
105,792 
502,512 
714,096 
502,512 
714,096 
264,480 
555,408 

1,375,296 


Staurastrum 
A 


6,400 
52,896 
6,400 
52,896 
105,792 
12,800 
52,896 
264,480 
105,792 
158,688 
52,896 
158,688 
105,792 


Cercomonas 
sp. 


"52,896 
52,896 


"52,896 
105,792 


Nitzschia 
vermicularis 


"52.896 
52,896 
6,400 


"52,896 
105,792 


Total 
Bacillariaceae 
29,525,024 
17,451,424 
17,289,844 
17,866,704 
17,179,664 
15,688,528 
21,719,160 
31,129,904 
31,307,184 
34,769,072 
47,514,016 
44,121,664 


. 51,818,032 


Staurastrum 
sp. 
52,896 


52,896 


Chlamydomonas 
sp. 


~ 555,408 
105,792 
502,512 


Pleurostauron 
parvulum 


“52,896 


"52,896 
105,792 


"52,896 
52,896 
52.896 


Closterium 
accuminatum 


6,400 
6,400 


Total 
Conjugatae 
342,966 
680,400 
621,104 
714,096 
330,176 
726,896 
826,288 
528,960 
1,242,208 
1,090,758 
1,428,192 
1,335,200 
2/248 080 


Chromulina 
sp. 
2,750,592 
2,539,008 
2,750,592 
2,591,904 
1,719,120 
3,147,312 
1,719,120 
1,877,808 
2142288 
1,824,912 
2,089,392 
2,248,080 
2,856,384 


Stauroneis 
phoenicenteron 


Closterium 
acerosum 


6,400 
6,400 
6,400 


~ 6,400 


19,200 
25,600 

6,400 
52,896 
12,800 


Total 
Chlorophyll 
bearing 

35,677,850 
24947 312 
24,220,324 
25,405,888 
23,936,704 
25,301,712 
29,217,400 
42,512,800 
46,497,248 
49,945,672 
65,839,888 
60,499, 184 
73,644,688 


Eudorina 
elegaus 


211,584 
343,824 
396,720 
396,720 
105,792 
502,512 
211,584 
396,720 
555,408 
264,480 
608,304 
555,408 
343,824 
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1913 Euglena Gonium Hemidinium Mallomonas Pandorina Peridinium 
8/11 viridis pectorale nasutum sp. morum cinctum 
WEPAE MES V eotestttoesst see 6,400 264,480 D289" eee 
8 AM 6,400 105,792 105,792 
9 AM eae eee DOZ SUZ eee 158,688 
10 a.m 158,688 608,304 anette D2;89Gi~ Vein 
11 a.m er Uivenetyeege 396,720 52,896 396,720 
12M 52,896 SOG 20) ee nceees 264,480 
1PM 52,896 158,688 158,688 
2 P.M 158,688 6,400 
3 P.M 105,792 52,896 
AvPIMS) ceeceei is WN Heese eaters 449,616 6,400 Wan estene 
5 P.M. 158,688 52,896 52,896 
5:48 P. M “105, 792 idsdasavsizectse 52,896 19,200 PS ieecas 
6:40 iP Me ee eee 449,616 scibsvatnasts 52,896 
1913 Platydorina Pleodorina Pleodorina Trachelomonas Trachelomonas Total 
8/11 caudata californica illinoisensis euchlora volvocina Mastigophora 
7 AM. 105,792 ZO GOON Se ceases 52,896 211,584 3,681,824 
8 A.M. 12,800 52,896 6,400 Seed eeeeeeee 714,096 3,887,008 
9 A.M. 6,400 32,000 6,400 105,792 555,408 4,663,200 
10 a.m. 54,400 52,896 teste 211,584 608,304 4,338,976 
11 a.m. 105,792 158,688 gaseeectuccteies 449,616 3,596,928 
12 Mm. 105,792 60,800 es 502,512 5,343, 104 
1 P.M. 105,792 (OYAPADO)§  aeseanerettercees 52,896 211,584 2,804,144 
2 P.M. 19,200 VOS:GSS™ lvisrccateece meee 396,720 2,788,144 
3 P.M. 48,000 SP AOOO)! —_oeesaseannsca 105, 792 555,408 3,703,376 
4 P.M. 32,000 25,600 ee 52,896 714,096 3,473,792 
5 P.M. 19,200 112,000 6,400 158,688 264,480 4,236,336 
943 PMs ores ceseee 54,400 Sovidece duh | dn aektieeaee eee 555,408 3,802,768 
6:40 p.m. 12,800 48,000 925,680 4,794,992 
1913 Amoeba Amoeba Cyphoderia Difflugia Hyalodiscus Microgromia 
8/11 proteus radiosa ampulla pyriformis sp. socialis 
(RO NGN Oe eteeeen | Meeeeerasad | Sassaxerotoon-c 105,792 Tisvah eee 
SEAUMIy 6 eeceeeeeess ceitustdicle pulaschaceneeots 105,792 
9 A.M. 52,896... : 
NCIS thy wececeerec cs of  “atecceerbe mace 52,896 3896 pePac cee , 
11 a.m. 52,896 105,792 105, 792 
MARY gee aie ie Sees : stigasetacteret 105,792 
Nn 25" Cee eeeeeserecn © Maaeterncceseetme © sax cesscraace 52,896 105,792 visacue eee 
2PM OS See oe P iocacectas. gin ee eee 52,896 158,688 
3 P.M. deskucscuudecaie a” aeeapeveceera Ne teceiaees re Reece enlcca eee 
AUP ENIS Rmueees Se eek 105,792 52,896 Jtaguaeeaeteaee 158,688 
TA DDSI, ecepnesraerccee eee Motto we eases 396,720 Jee 
5:48 p.m. 396,720 396,720 105,792 
6:40 p.m. 396,720 925,680 52,896 
Nuclearia Total Actinophrys Heterophrys Heterophrys 
simplex Rhizopoda sol. fockei sp. 
Deer 158,688 211,584 
2 5SAN eee 211,584 
158,688 52, 896 52,896 
LO5¢7020n ne aha et ee 
264,480 "52,896 105,792 
264.480). > 25... vas 52,896 
DNAS B RAN. pazceasdes-setes 52,896 
eeeeeseren eee 211,584 ots 396,720 Rae ee cro 
105,792 211,584 158,688 343,824 502,512 
52,896 CONC Lie | wesc ees 502,512 502,512 
eer tos 396,720 105, 792 449,616 766,992 
211,584 DTS SG eee eee 158,688 343,824 
6:40 P. M. 105, 1702 ame IFAS OSSia ager escee: 158,688 396,720 
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1913 Raphidiophrys 

8/11 elegans 

Uf Ras eee 

8 aM 105,792 

ORACM a ates ee 
110) SS a eee ee 
QUUPACME  vvecesesescnstes 
12M 52,896 


UA Gee 
SSUACMS © yo ceon tc te 
9 A.M 819,888 
10 a.m 555,408 
11 a.m 661,200 
12 mM: 1,586,880 
1pm 819,888 
2 P.M 396,720 
3 P.M 158,688 
4PM 158,688 
5 P.M. 211,584 


5:48 P.M. 396, 720 
6:40 p.m. 343, 824 


Total Protozoa 


1913 with 
8/11 Mastigophora 
7AM. 5,744,768 
Sam. 8,892,090 
9am. 7,678,272 
10 a.m. 9,476,288 
ll am. 8,198,880 
12 mM. 11,214,560 
lpm. 6,363,976 
2pm. 6,332,176 
3P.M. 7,749,920 
4pm. 6,594,656 
5pm. 7,455,744 


5:48 p.m. 7,055,872 
6:40 p.m. 9,058,136 


1913 Rotifer 
8/11 unidentified 
7 A.M. 158,688 
8 A.M. 158,688 
9 A.M. 343,824 
10 a.m. 158,688 
11 aM. 502,512 
12 M. 343,824 
1 P.M. 158,688 
2 P.M. 343,824 
3 P.M. 52,896 
4PM. 105,792 
5 P.M. 105,792 
5:48 p.m. 211,584 
6:40 p.m. 158,688 


Hour.y SErRIEs 1n 1913—(Continued) 
Total Cyclidium Halteria Holophrya 
Heliozoa sp. grandinella sp. 
211,584 264,480 
PAT Gyo: Bae eercssceraccoe 661,200 
105,792 nee 1,005,024 
Sere otis 105,792 1 324" 912 
158, 688 See 1 428, 192 
105,792 Set ees 2) 195,184 
158,688 52,896 925 680 
396,720 555,408 
1,005,024 _ 52,896 661,200 
1,005,024 S sanengsavectes 264,480 
1,322°400 52,896 449/616 
502,512 105,792 52,896 
DOD 40S MOS OZ eee eceeenc es 1,428,192 
Vorticella Total Acineta Total 
sp. Ciliata sp. Suctoria 
1,322,400 1,692,672 
3,411,792  4.575,514 
1,533,984 2,750,592 


2,591,904 5,031,520 


2,089,392 4,178,784 
2,433,216 5,501,184 
1,930,704 3,180,160 
2,036,496 2,935,728 
1,772,016 — 2'829,936 
1,428,192 1,745,568 
925,680 1,487,488 
1,216,608 L 639, 776 
1,375,296 3 226, 656 
Collotheca Collotheca Ptygura Total 
pelagica sp. sp. Rhizota 
6,400 
52,896 
12,800 
118,592 
6,400 
12,800 
Total Anureaopsis Anureaopsis Asplanchna 
Bdelloida fissa sp. brightwellii 
NGBOSS) — ncceccate 6,400 
158,688 52,896 mere, 
343,824 105 <702 Meme 
158,688 IDS CASPY) eageasopiceos © eaereed 
50S OlOMm at ean me ene et ken 
343,824 105, 170 Dann wee penn eer 
165,088 52,896 52,896 6,400 
363,024 528 OG Ue ete ae 6,400 
122/192 6,400 52,896 6,400 
OGG PT okertesaacess 105,792 6,400 
112,192 19,200 BOOGIE pele see 
224364 nese oie: SYACKUD) 9 ereerents : 
158,688 19,200 52,896 6,400 


Tintinnidium 
fluviatile 


105,792 
502,512 
211,584 
502,512 
661,200 
872,784 
264,480 
343,824 
105,792 

52,896 

52,896 
264,480 
264/480 

Total Protozoa 


without 
Mastigophora 


3,015,072 
5,137,312 
01,952 
71,456 
59,832 
44,032 
46,544 
20,864 
19,408 
53,104 
263,144 


VeNEeuynee 


4, 
5,8 
3 
3, 
4, 
a 
aK 
3,3 
4, 


Rotaria 
rotatoria 


6,400 


~ 6,400 


6,400 
19,200 
52,896 


~ 6,400 
12/800 


Asplanchnopus 
sp. 


~ 105,792 


105,792 
“19,200 
6,400 
“19,200 
52/896 
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Brachionus Brachionus 
1913 Brachionus angularis Brachionus Brachionus Brachionus egg; attached, 
8/11 angularis caudatus budapestinensis _calyciflorus capsuliflorus female 
1,216,608 bee srstias 158,688 25,600 ceresees a 
2,380,320 : me 396,720 12,800 52,896 
2,380,320 6,400 264,480 41,600 Pies tcenn 
1,930,704 Pee : 264,480 105,792 264,480 
1,163,712 6,400 158,683 67,200 52,896 
3,253,104 rere sed 211,584 105,792 52,896 
1,666,224 52,896 80,000 12,800 52,896 
925;6800) racers 140,800 19,200 158,688 
DOO;408!"  haseeeene: 158,688 6,400 ash eee 
714,096 HasGeaccecmaseee 105,792 52,896 211,584 
766,992 SavadeseSeceenee 80,000 25,600 211,584 
1,163,712 6,400 105,792 25,600 264,480 
1,586,880 52,896 158,688 25,600 396,720 
Brachionus Brachionus 
1913 egg; attached, egg; free, Brachionus Brachionus Brachionus Brachionus 
8/11 male female egg, winter male patulus plicatilis 
ACM: pe Be cere ners 608;304 °° lek.. rere Une Ried, 6,400 
ate, OOD ORY) creconccrovsee CS PANS Ce 
9 A.M. 52,896 343,824 264 480) ee eee : 6,400 
10 a.m. 651,200 105,792 Soeur 12,800 
11 a.m we os 343,824 Boonen ener 52,896 sescutesccbepeee 
12 M. 766,992 Ries 12,800 
1 P.M. V5Si688) © secccntsscbrer, «Sve Sons, 1s Bonk wives 
QEPEM ine Gece eee 105,792 ee 52,896 
3 P.M ue 52.896) — 9 cetera gun! amcor eeene 6,400 
OP Ms | cayiincat cer eee Shecicees eee ecialeeapeween 25,600 
5 P.M. 32,000 LOSS 92%s © Rte eee ae 6,400 
5:48 p.m. 52,896 608,304 So co aopbiess Me eeeee watieduas 
6:40 p.m. 52,896 343,824 6,400 6,400 
1913 Brachionus Brachionus Diurella Filinia Filinia Keratella 
8/1l urceus with parasites ege egg, free longiseta cochlearis 
Tene ee: 6,400 158,688 GGocon ee 52,896 
8 AM. DeGOOK ee ee ee 714,096 a 
9 aM. 6,400 105,792 211,584 555,408 
OAS) eases Boers) hw Ueseseecaceaus ty 1) Agsawdesteweases 555,408 
MMV AUMO. Goss or Sees tsteal ” vexcsecnzevters ‘ 52,896 396,720 
ZIMA V0 caer ee mcs, quubticierNeoceses 158,688 766,992 
1 P.M. C400 Fees 158,688 502,512 
2 P.M. 158,688 seardeveterstcen 105,792 449,616 
3 P.M. 52,896 ee ate 52,896 105,792 
4 P.M. 6,400 52,896 158,688 
5 PM. 48,000 158,688 396,720 
Oe4Sup Mes 23800) | Sheree : 264,480 449,616 
6:40 p.m. 158,688 Soscvepesteeaeis 211,584 608,304 
Polyarthra trigla 
1913 Keratella Keratella Keratella Polyarthra egg; attached, Rotifer egg, 
8/11 egg, attached egg, free quadrata trigla female winter 
7 AM. 52,896 396,720 211,584 766,992 52,896 
SRAGMy 7 vacse eecines 396,720 396,720 1,586,880 6,400 
9 A.M. 52,896 502,512 343,824 2,248,080 105,792 
domino Leite 766,992 502,512 ‘1,322,400 105,792 
TANSEY Gee Seep pere an Paens 449,616 264,480 1,877,808 52,896 
Djinn At eee 2 819,888 264,480 1,824,912 264,480 
1p 235) UE eer ene es 502,512 60,800 1,005,024 scecsskessetees 105,792 
2IPIM Ge AS Aisssenee 819,888 211,584 1,269,504 Birt eawci dae 52,896 
OyPiMy las eee 661,200 67,200 1,269,504 105,792 158,688 
AUP IM © wxtha hee : 264,480 52,896 608,304 158,688 52,896 
5 P.M. 6,400 608,304 52,896 766,992 52,896 52,896 
O48 RM ec oneness 714,096 158,688 1,057,920 105,792 52,896 


6:40 p.m. 52,896 925,680 264,480 872,784 52,896 25,600 
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TABLE 5.—PLANKTON ORGANISMS PER Cusic METER IN SmitH’s CANAL, 


1913 Synchaeta 

8/11 sp. 

if AS re eer 
8 A.M. 52,896 
9 A.M. 52,896 
11(0) ZAG eager eee 
11 a.m. 52,896 
12 mM. 6,400 
1 P.M. eee 
2 P.M. 6,400 
3 P.M. 6,400 
GED EE I Wenaeeenocece 

5 P.M 


5:48 pM. 158,688 
G40) POM: «....:5...55.. 


1913 

8/11 Sida 
7AM. 652,896 
8 A.M. 12,800 
9 A.M. 12,800 
10 a.m. 25,600 
11 a.m. 6,40) 
12 mM. 19,200 
WGP INES) | cask s.c- 
2 P.M. 19,200 
3 P.M. 52,896 
4 P.M. 52,896 
5 P.M 


5:48 p.m. 6,400 
6:40 p.m. 12,800 


"Howry SERIES IN 1913—(Concluded) 


Trichocerca Trichocerca Total 
capucina lernis Ploima 
158,688 4,564,560 
158,688 7,466,640 
: 343,824 4,846,384 
52,896 264,480 7,199,408 
orate 714,096 5,759,920 
12,800 766,992 9,612,576 
eee 343,824 4,979,936 
211,584 4,817,607 
211,584 3,575,840 
RO RONG 32,000 2,721,600 
52,896 25,600 3,512,752 
yee 211,584 5,471,152 
Ag 264,480 6,199,188 
Total Total 
Cladocera Cyclops Nauplius Copepoda 
105,792 158,688 158,688 317,376 
12,800 86,400 158,688 245,088 
65,696 86,400 105,792 192,192 
25,600 54,400 158,688 213,088 
6,400 73,600 80,000 153,600 
19,200 54,400 211,584 265,984 
52,896 25,600 86,400 112,000 
19,200 80,000 92,800 172,800 
52,896 60,800 12,800 73,600 
52,896 60,800 52,896 113,696 
6,400 99,200, 105,792 204,992 
6,400 99,200 52,896 152,096 
19,200 140,800 105,792 246,592 


Total 
Rotifera 
4,729,648 
7,615,328 


Total 
Entomostraca 
423,168 
257,888 
257,888 
238,688 
160,000 
285,184 
164,896 
192,000 
126,496 
172,992 
211,584 
158,496 
265,792 


Bosmina 
longirostris 


52,896 


“52,896 


Total 

Organisms 
42,893,610 
37,825,610 
32/689,892 
38,192,880 
34,967,488 
41,414,752 
38,087,152 
51,429,463 
54,374,720 
56,092,520 
72,902,032 
69,619,120 
85,531,500 
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TaBLeE 6.—VoLUMES oF Catcugs, 1913 


Volume in cubic Estimated Number Number of 
centimeter per 14 percentage of of forms 
Date cubic meter plankton hauls recorded 
1913 
I II Ill I II Ill I HE) AOE I | ee 
1/5 0.5 0.4 50% | 40% 13 ral 30 | 31 
1/8 0.55 5 50% - 13 28 
1/11 55 40% 25 24 
1/12 0.35 | 0.25 30% | 50% 13 7 30 | 37 
1/15 0.8 60% 13 42 
1/19 0.55 | 0.35 | 0.55 | 60% | 60% | 40% 8 7 | 13 | 43 | 45 | 41 
1/22 0.6 60% 9 56 
upp i 0.65 | 0.45 70% | 50% 5 6 | 25 a 60 | 46 
29 | 08 90% 8 46 
2/ 2 0.85 | 0.65 | 0.6 85% | 75% | 80% 9 7 | 13 | 45 | 50} 51 
2/5 | 0.95 85% 9 48 
2/8 1.0 0.85 | 0.6 80% | 70% | 80% 9 7 | 13 | 46 | 49 | 45 
2/12 7 85% 10 50 
2/15 1.0 0.75 | 0.65 | 80% | 60% | 80% 9 7 | 13 | 54 | 50 | 59 
2/19 0.85 60% 9 61 
2/23 1.55 | 0.65 | 0.6 70% | 60% | 70% 9 7 | 13 || 60 | 62 | 64 
2/26 1.65 60% 13 59 
3/1 1.4 0.65 | 0.75 || 85% | 40% | 50% 9 @ ) TS eb on eZ) 57 
3/ 5 3.95 85% 13 46 
3/ 8 5.2 ila! 0.65 | 85% | 10% | 50% 9 7 | 18 || 48 | 52 | 60 
3/12 6.8 80% 16 43 
3/15 1.8 1.95 | 0.8 90% | 15% | 50% || 10 |) SB) Gisy atss 7) 
3/19 7. I 80% 13 56 
3/23 189 0.8 0.8 85% | 10%.) 60% 9 ©) V3 639)\ 74s 70) 
3/26 1.8 85% 13 51 
3/29 1.85 | 0.7 1.0 80% | 15% | 40% 9 7 | 13 | 54 | 78.) 72 
APES 25 90% | _ 9 57 
4/5 2a Ie 0.55 | 90% | 15% | 40% 9 5 |) 13: 58) 75) | 
4/9 2.4 95% 9 54 
4/13 1.85 | 0.5 0.75 | 95% | 15% | 20% 9 5 | 12 || 62 | 70 | 67 
4/16 2.2 80% 10 56 
4/19 AA || Wey |] Mer 90% | 10% | 75% | 13 % | 13) 47 586k 
4/23 2.2 85% ) 65 
4/26 3.1 0.8 ; 0.55 | 90% | 20% | 25% | 13 5 | 18 | 70 | 68 | 71 
4/30 2.3 80% 9 51 
5/ 3 2.1 3.05 | 0.65 | 65% 4% | 50% 9 5 | 13 | 53 | 58 | 63 
y/o 2.6 90% 9 55 
5/10 3.0 6.6 0.55 || 95% 4% | 80% 9 6 | 12 | 64 | 47 | 56 
5/14 2.8 90% 9 51 
5/17 3.4 5.6 0.65 | 10% 4% | 55% 9 6 | 13 | 65 | 64 | 70 
5/21 2.25 85% 9 49 
5/24 2h, |) 6.0 0.6 50% 5% | 50% 8 5 9 | 59 | 59 | 58 
5/27 2.95 80% 9 58 
5/31 3.6 @.7 i Ooe 80% 2% | 90% 9 3 | 13 | 53 | 52 | 46 
6/ 3 2.9 95% 9 58 
6/ 7 2.4 3.15 | 0.5 95% 5% | 45% 9 3 9 || 54 | 60 | 66 
6/11 2.8 55% 9 50 
6/16 1.85) 1.9 0.6 65% 4% | 50% 9 6 | 13 | 65 | 63 | 61 
6/18 2.65 85% 9 56 
6/21 2.8 1.2 | 0.6 | 90% | 10% | 60% | 9) 7 | 18 | 57 | 68] 78 
6/25 3.45 92% 13 72 
6/28 3.1 1.95 | 0.75 | 92% | 15% | 65% | 13 | 9 | 18 | 61 | 77 | 72 
7/3 Ball 80% 9 56 
7/5 3.05 | 0.95 | 0.7 93% | 30% | 65% 9 9 | 13 | 63 | 66 | 72 
7/9 PAA 85% 9 59 
7/12 3.85 | 2.1 a 90% | 40% | 85% 9 9 | 13 | 55 | 82 | 94 
7/16 3.9 92% 9 57 
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TABLE 6.—VOLUMES oF CartcHEs, 1913—(Concluded) 
Volume in cubic, Estimated Number Number of 
ate Seabioauees Pen ae ade 

I II IIL I II Ill I II Ill I II Ill 
7/19 | 4.1 | 1.7 | 0.95 | 85% | 0% | 80% | 9 | 9 | 18 | 50 | 66 | 60 
i 1 3 | 14 | 1.65 0 90% | 50% 5 10 | 13 3 70 | 83 
8/ 2 [42 [2.3 | 1.35) 90% | 80% | 90% | 9] 9 | 13 | 66 | 88 | 70 
8/,9 47 [2.4 | 2.85 99% 75% | 50% | 9) 9 | 13 63 83 | 98 
8/15 5.1 [23 | 1.4 80% 80% | 70% | 9] 9 | 13) 72] 98 | 44 
8/23 41 |2.0 | 4.6 80% 85% | 80% | 9| 8 | 13 | 71] 86 | 92 
8/31 | 5.2 | 2.9 |1.7 | 85% | 90% | 80% | 9] 8| 13 | 58 | 84 | 78 
3) Bliss lao) | 2:8 55% oo% | 80% 1 9| 8 | 13 | 67 | 66 | 85 
es 39 |a5 | 1.75 75% 55%, | 85% | 9| 9| 13 63 81 | 79 
0/20 20 |1.9 | 1.9 034 85% | 95%| 9| 9 | 13 38 78 | 67 
9/27 3 5 |2.5 | 1.55 03°, 30% | 90% 9 | 9 | 13 | 63 | 70 | 76 
10/ 4 505 | 1.65 | 1.8 85% 30% | 55% | 9| 7113 67 74 | 72 
0/11 jas (21 | 1.55 SS, 30% | 40% 1 9| 8 | 13 70) 74 | 73 
10/18 ty | 1.25 | 1.45 50, 30% | 40% | 9| 8 | 13 | 57 | 68 | 53 
10/36 7651 1.2 | v.35 Bo", 25% | 40% 3) 9113 | 57 | 62 | 75 
ns tis |12 |12 60 % 30% | 50%) 9| 9 | 13 a | 76 | 71 
m/s jos (13 (1.5 10", 207%, | 15% | 9| 9 | 19 | 44 | 57 | 66 
is | 06 [0.8 | 06 30, 25% | 45% | 9| 9| 13 | 56 | 64 | 65 
my [13 |0.7 | 0.95 13%, 15% | 20%) 9| 9 | 13 | 77 | 67 | 81 
11/30 3s tail || 0.8 15% 45% | 25% 2 9 | 13 73 57 | 62 
ey 6 loo jos jit 50%; 50% | 35% | 9| 8|13| 64 | 46 | 61 
ee ne 0.8 | 0.85 15% 25% | 25% re || ily s 49 | 52 
12/30 08-1 0.5 | 0.65 | 13% | 25% | 20% a1 zlir ler | s6| 40 
eB nee 1.30 | 0.7 a8 15% | 10% 4 | 18 oe 54 | 51 
12/31 | 0.95 20%, 9 59 
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Datty, Sration I. Hour ty, Station IIIa. 

Date | eS& y #3 | r=) Date aS 38s a) a) 

1913 28s ae g,| Ba 1913 ‘Oe si 3 i 

ee | S6e| 6a Be eas | B38 leer | camer 
osx gas | Fa ce Lex gas ga Zs 

7/5 3.05 93% 9 63 

7/6 2.5 70% 9 57 

Of it 3.2 75% 9 54 

7/8 3.6 80% 9 55 

7/9 PAT 85% 9 59 

7/10 3.4 90% 9 54 

Al 4.1 85% 9 45 || 7 aM. 2.4 50% 6 76 

7/12 3.85 907% 9 55 | 8 A.M. 2.3 60% 6 74 

7/13 5.05 92.7% 12 56 | 9 a.m. 2.3 70% 6 75 

7/14 4.35 80% 9 64 | 10 a.m. 2.5 50% 6 73 

7/15 4.40 90% 10 55 | 11 a.m. 2.4 50% 6 79 

7/16 3.9 92% 9 57 || 12 M. 2.4 75% 6 78 

7/17 4.65 50% 10 50 | 1 p.m. 2.07 80% 6 81 

7/18 6.4 90% 13 50 | 2 P.M. 2.07 75% 6 80 

7/19 4.1 85% 9 50 | 3 P.M. 2.07 85% 6 91 

7/20 4.9 92% 9 52 | 4 P.M. 2.07 85% 6 86 

7/21 4.3 92% 9 54] 5 P.M. 2.3 80% 6 94 

7/22 4.2 92% 13 56 | 5:48pm.) 2.3 85% 6 86 

oe Bee S320 3 a 6:40P.m.| 2.5 80% 6 93 

4 : 70 

7/25 3.85 92% 9 57 

7/26 4.3 90% 9 63 

7/27 5.8 95% 13 67 

7/28 4.45 95% 9 62 

7/29 4.3 95% 9 64 

7/30 4.5 92% 9 61 

7/31 4.2 90% 9 59 

8/1 3.8 92% 9 53 

8/ 2 4.2 90% 9 66 

8/ 3 wef 95% 9 64 

8/ 4 3.6 95% 9 65 


1920] Allen: Plankton of the San Joaquin River 285 
TABLE 7. 
Temperature } y 
Date mame of penuieaie Air Water Anchor aan 
1913 | collection conditions conditions drift | 
I Ri eee I TL 00 

1/ 1} 3:30 p.m.| Ai Clear a 13 
Water 

1/ 5] 4:00 p.m.| Ai 4.5] High wind; clear Rough a 7 
Water 4 

1/ 8} 5:00 p.m.| Ai 2.5 Wind; sleet Choppy a 13 
Water | 5.5 

1/11} 3:00 p.m.| Ai 6.5) Wind; cloudy Choppy a 25 
Water H 1 

1/12) 2:00 p.m.) Ai 13 (15 Wind; clear Choppy a TSH |e 
Water | 6.5/13 

1/15) 4:00 p.m.} Ai 9 Cloudy a 13 
Water | 7 

1/19/11:00 a.m.) Ai 8 11 9.5, Wind; clear Choppy d Sei ialels 
Water | 8.5/8 | 8 

1/22) 4:00 p.m.| Ai 9.5 No wind; rain Smooth d 9 
Water |10 | 

1/25} 2:00 p.m.} Ai 17 |19 No wind; clear Smooth d (3) || 253 
Water 8 |10 

1/26'10:00 a.m.| Ai 14 No wind; clear Smooth d 9 
Water /|10 

1/29} 4:00 p.m.} Al 17.5 Light wind; clear | Wavy d 8 
Water |11.5 

2/ 2'11:30 a.m.| Ai 14 |17.5)17 Breeze; clear Ripply d OO) 13 
Water |11 |10 (10 

2/ 5| 4:00 p.m.) Ai 16.5 No wind; cloudy Smooth d 9 
Water {12.5 

2/ 8/10:30 a.m.| Ai 15 (15 |§16 | Light wind; rain Wavy d OF ale ls 
Water /14.5/10.5]11.5 

2/12} 4:00 p.m.} Ai 19 Breeze; clear Ripply d 10 
Water {15.5 

2/15|10:00 a.m.| Ai 18 |19 |15.5) No wind; clear Smooth d OF aes 
Water {15 /|13.5)1 

2/19} 4:00 p.m.) Ai 14.5 High wind; clear Rough a 9 
Water [12.5 

2/23) 9:00 a.m.| Ai TQ) |i |ks} High wind; Rough a yal 7 | alg 
Water |11.5)9 | 9 part cloudy 

2/26) 4:00 p.m.| Ai 113 High wind; cloudy | Rough a 13 
Water |12 | 

3/ 1} 1:00 p.m.) Ai 13.515 (15 | Light wind; cloudy) Wavy a Oy 7 i183 
Water |13 |10 {10 

3/ 5, 4:00 p.m.) Ai 23.5 Light wind; clear | Wavy a 13 
Water (15 

3/ 8] 9:30 a.m.) Ai 23 |21.5/22.5] Light wind; clear | Wavy a |) ef |) als 
Water /18 (15 {15 

3/12) 4:00 p.m.| Ai 17.5 Light wind; clear | Wavy a 16 
Water (16.5 

3/15) 9:00 a.m.| Ai 14.5)12 |11.5) Breeze; clear Ripply a LON ies 
Water |14.5)12 |12 | 

3/19) 4:00 p.m.) Ai 14.5 High wind; Rough a 13 
Water /14.5 part cloudy 

3/23] 9:00 a.m.) Ai 12 | 9.513 | Wind; cloudy Choppy a () I 7A |} als 
Water {14 |12 {12.5 

3/26) 4:30 p.m.| Ai 18 Breeze; clear Ripply a 13 
Water (14.5 

3/29} 9:00 a.m.| Ai 20 |17 |18.5) Wind; clear Choppy a yy) ee | als} 
Water /12 {13 14.5 

4/ 2! 4:30 p.m.| Ai 18 Light wind; clear | Wavy a 9 
Water /|17 | 
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TaBLe 7.—(Continued) 


Temperature Number 
Date Pee oe centigrade AG Water cree of hauls 
1913 collection conditions conditions drift 
I II | Ill I II | Tt 

4/ 5| 9:00 a.m.| Air 15.5)13.5)15 | Wind; cloudy Choppy a 9} 5) 13 
Water |18 |14.5/15 

4/ 9]12:00 m. | Air 24 Breeze; clear Ripply a 9 
Water {18 

4/13) 9:00 a.m.| Air 18.516.5|17 | Breeze; part cloudy| Ripply a 9) (54) 
Water |18.5]17.5/17.5 

4/16) 4:00 p.m.! Air 24 Breeze; clear Ripply a 10 
Water |20 

4/19] 9:00 a.m.) Air 21 {18 |19 | Breeze; clear Ripply a 13 | 5 | 13 
Water {19 |15 /|16.5 

4/23] 4:00 p.m.) Air 25 Breeze; clear Ripply a 9 
Water |20 

4/26] 9:00 a.m.) Air 26 .5|23.5|24.5) Breeze; clear Ripply a 13 | 5 | 13 
Water |20 |18.5/19 

4/30) 4:00 p.m.) Air 20 Wind; clear Choppy a 9 
Water |19 

5/ 3] 8:45 a.m.| Air 23 |21 |22 | Light wind; clear | Wavy a 9) | sonlelS 
Water {18 |14 (16 

5/ 7\11:00 a.m.| Air 22 Light wind; clear | Wavy a 9 
Water (20 

5/10) 9:00 a.m.| Air 22 |21.5/21.5| Wind; part cloudy | Choppy a 9} 6] 12 
Water (21 {17 |20.5j 

5/14| 4:00 p.m.} Air 26 Wind; clear Choppy a 9 
Water |21 

5/17|12:00 m. | Air 26 |25 |26 | Wind; cloudy Choppy a 9} 6] 13 
Water |21 |19 /19 

5/21| 4:00 p.m.) Air 27.5 Light wind; Wavy a 9 

| Water |23 part cloudy 

5/24| 9:00 a.m.) Air 26.5/27 |25.5} Light wind; clear | Wavy a 8] 5 9 
Water |23 |19.5)/21 

5/27| 4:00 p.m.| Air 18 Light wind; rain Wavy a 9 
Water (23 

5/31|12:00 m. | Air 31 |30.5|32 | Breeze; clear Ripply a 9} 3] 138 
Water |27 |19.5/27 

6/ 3) 5:30 p.m.) Air 22.5 Breeze; cloudy Ripply a 9 
Water |25 

6/ 7| 9:00 a.m.| Air 23 |23.5/22.5| Wind; part cloudy | Choppy a 9) coal 
Water (25 |20.5/22.5 . 

6/11| 4:00 p.m.| Air 29 Wind; clear Choppy a 9 
Water |23 

6/16] 6:45 a.m.) Air 21 No wind; clear Smooth d 9 
Water (20 

6/16) 4:00 p.m.| Air 27 |24 |! Wind; clear Choppy d 6 | 13 
Water 21 {21 

6/18} 1:00 p.m.) Air 25 Breeze; cloudy Ripply d 9 
Water (22 

6/21) 9:00 a.m.} Air 30 |28.5)28 | Wind; clear Choppy d Cy) eve || ils) 
Water /23.5/26.5/29 

6/25) 1:30 p.m.| Air 22 High wind; Rough d 13 
Water (22.5 part cloudy 

6/28) 9:00 a.m.| Air 23.5/21 |22.5; Wind; clear Choppy d 13))|| “Ones: 
Water |23 |20 |20.5 

7/ 3} 9:00 a.m.) Air 24 Wind; clear Choppy d 9 
Water |23.5 

7/ 5| 9:00 a.m.) Air 32 |28.5|/30.5) No wind; hazy Smooth d 9} 9] 13 
Water |26 |23.5/25 

7/ 9\10:30 a.m.| Air 31 Light wind; clear | Ripply d 9 
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TaBLe 7.—(Continued) 


: Temperature Number 
Date panusiok centigrade Air Water Anchor ofhauls 
1913 | collection conditions conditions drift 
i || ine [oan i | ang |) snut 
7/12) 8:40 a.m.| Air 32/32 No wind; clear Smooth d |) 8). }) alg} 
Water (27 /25 
7/16|10:45 a.m.) Air 28 Breeze; clear Ripply a 9 
Water |26 
7/19|10:00 a.m.| Air 29 |26 |27.5) Breeze; hazy Ripply a 97) 29) 13 
Water |27 |24 |25 
7/23)10:30 a.m.| Air 27 Breeze; light rain | Ripply a 9 
Water |25 
7/26] 9:00 a.m.| Air 26. 5'22.5/24.5] Breeze; part cloudy| Ripply d C1) 30), |) 163 
Water |26 |23 (24.5 
7/30)10:40 a.m.) Air 27.5 Breeze; hazy Ripply a 9 
Water |25.5 | 
8/ 2) 8:45 a.m.) Air 27.5!25.5/26.5) No wind; clear Smooth a 9 9} 13 
Water |26 |24 (25 
8/ 6)10:30 a.m.) Air 33 Breeze; clear Ripply a 9 
Water |27 
8/ 9) 8:45 a.m.| Air 29 |24.5/25 | Breeze; part cloudy| Ripply a 9|/ 9} 13 
Water |27 (25 |25.5 
8/13)11:00 a.m.) Air 24 Light wind; clear | Wavy a 9 
Water |26.5 
8/15) 9:00 a.m.) Air 22.523. 5/24 Breeze; hazy Ripply Ey i) (8) 9 | 13 
1 Water |23.5/23 |24 
8/20,11:30 a.m.| Air 32.0 Breeze; hazy Ripply a 9 
Water |26 
8/23) 8:40 a.m.| Air 33 |29 |82.5) Breeze; hazy Ripply a 9} 8] 13 
Water |28 |24.5/25 
8/27|11:00 a.m.) Air By ts) No wind; cloudy Smooth a 9 
Water |27 
8/30) 8:45 a.m.| Air 33 |30.5|31.5| Breeze; hazy Ripply a iS) |) tebe) ale} 
Water |28 |26 (|27 
9/ 2)12:00 m. | Air 24 Breeze; part cloudy} Ripply a 9 
Water |26.5 
9/ 6) 9:15 a.m.| Air 30 |26.5)27.5) Breeze; hazy Ripply a 9] 8] 13 
Water |26 |24 |24 
9/ 9)12:40 p.m.| Air 28 Breeze; hazy Ripply a 9 
Water (26 
9/13} 9:00 a.m.) Air 24.5/21 |23 | Breeze; clear Ripply a 97) 9513 
Water |25 |23.5)23.5 
9/17, 5:00 p.m.| Air 33-5 No wind; clear Smooth a 9 
Water |27 
9/20} 9:00 a.m.) Air 23.5/22.5;23 | Breeze; cloudy Ripply a 9] 9] 13 
Water (26 (|23.5/23.5 
9/24! 5:00 p.m.) Air 24.5 Breeze; clear Ripply a 9 
Water |22.5 
9/27| 7:30 a.m.| Air 23 .5/21.5/20.5| Breeze; clear Ripply a 9) 9] 18 
Water |22 |20.5/20.5 
10/ 1| 4:15 p.m.| Air 29 Breeze; clear Ripply a 9 
Water |22 
10/ 4| 8:00 a.m.| Air 20 |19 |17 | Breeze; clear Ripply a CY 7 |) als} 
Water |21 |20 |20 
10/ 8 5:00 p.m.| Air 18.5 Wind; clear Choppy a 9 
Water /19.5 
10/11) 7:00 a.m! Air 22 |21.5)/14 | No wind; clear Smooth a OF Sh ets) 
Water |19.5]17 {17 
10/15) 5:00 p.m.| Air 21 No wind; clear Smooth a 9 
Water {18.5 
10/18) 8:00 a.m.| Air 23.5)19.5|19 | No wind; clear Smooth a 9/ 8] 13 
Water |19 |17.5/17 
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TaBLE 7.—(Concluded) 
. Temperature Number 
Date | Time of centigrade ir Water Anchor of hauls 
1913 Patan conditions conditions | Pir, 
I 10 j) ot I II | Ill 
10/22} 5:00 p.m.| Air 25 No wind; clear Smooth 9 
Water |20 
10/26] 2:00 p.m.) Air 22.5/27 |24 | Breeze; clear Ripply d OF Ones 
Water |19 {18 /18 
10/29} 4:30 p.m.| Air 16 Breeze; cloudy Ripply a 9 
Water |19 
11/ 2/10:00 a.m.| Air 19 |19.5|17.5| No wind; cloudy Smooth a 9} 9} 13 
Water |19.5/17 |17 
11/ 5) 4:30 p.m.| Air ile No wind; cloudy Smooth a 9 
Water {18.5 
11/ 8/10:00 a.m.| Air 20 |17 |18 | No wind; cloudy Smooth a 2s ef 2) 
Water |19.5)16.5/17 
11/12) 4:45 p.m.| Air 13 Wind; cloudy Choppy a 9 
Water {17.5 
11/15} 8:45 a.m.| Air 16 {12 |13 | No wind; fog Smooth a 9] 9] 13 
Water |17.5/15.5/15 
11/19] 5:45 p.m.) Air 14.5 Wind; cloudy Choppy a 13 
Water |16 
11/22/11:00 a.m.) Air 15 |13 |12.5| Breeze; clear Ripply a 9) |) (91s 
Water {15 |12 /|13 : 
11/26) 7:30 a.m.| Air 9 No wind; cloudy | Smooth a 9 
| Water |13 
11/30) 1:00 p.m.| Air 13 |14 |13 | Wind; clear Choppy a 12))}) 29523 
Water {13 |10 /11 
12/ 3) 4:45 p.m.| Air 14 | No wind; clear Smooth a 13 
Water (10 
12/ 6!11:00 a.m.} Air 6.5] 4.5] 6 No wind; fog Smooth a 9 8 | 13 
water |11 7.5] 8 
12/10) 4:30 p.m.| Air 8 No wind; fog Smooth a 7 
Water | 9 
12/14/11:00 a.m.| Air 13.5|14 |14 | Wind; clear Choppy a TPA Ff || ales 
Water |12 | 9 9.5 
12/17} 4:30 p.m.| Air 10 No wind; cloudy Smooth a 7 
Water |12 
12/20) 2:00 p.m.| Air 9 | 9.5) 9.5) No wind; cloudy Smooth a CY 77 |) ales 
Water |11.5) 8.5) 9 
12/24) 2:00 p.m.| Air 12 Light wind; cloudy} Wavy a if 
Water |13 
12/27|10:00 a.m.) Air 9 | 9.5) 9 Light wind; cloudy| Wavy a Sa iZalieks: 
Water |11.5] 9 9 
12/31)11:00 a.m.| Air 16 High wind; cloudy | Rough a 9 
Water {11.5 
Average for | Air 20.619.519.6 
the year Water |19 |16.7/17.3 


1920] Allen: Plankton of the San Joaquin River 289 
TaBLE 8.—Datty CoLiections Station I 
Date Time Temperature Air Water Anchor | Number 
1913 of first centigrade conditions conditions Oe of 
collection drift hauls 
7/ 5 |11:20 a.m. | Air 32 No wind; hazy Smooth d 9 
Water /26 
7/ 6 | 9:30 a.m. | Air 32.5 | No wind; clear Smooth d 9 
Water 26 
7/ 7 | 8:30 a.m. | Air 29.5 | Breeze; clear Ripply d 9 
Water (26 
7/ 8 | 1:30 p.m. | Air 34.5 | Wind; hazy Choppy d 9 
Water (27 
7/9 |10:30 am. | Air , /31 Light wind; clear | Wavy d 9 
. | Water |26 
7/10 |10:45 a.m. | Air 32 Wind; hazy Choppy d 9 
Water (|26 
7/11 |10:45 a.m. | Air 35 Breeze; clear Ripply d 9 
Water (/26.5 
7/12 |10:55 a.m. | Air 32 No wind; clear Smooth d 9 
Water {27 
7/13 |12:00 m. Air 29.5 | Wind; clear Choppy d 12 
Water |27 
7/14 |10:30 a.m. | Air 26 No wind; clear Smooth d 9 
Water |26 
7/15 |10:45 a.m. | Air 25.5 | No wind; clear Smooth d 10 
Water [26 
7/16 |10:45 a.m. | Air 28 Breeze; clear Ripply a 9 
Water |26 
7/17 |10:45 a.m. | Air 30.5 | Breeze; clear Ripply a 10 
Water (|26 
7/18 | 2:00 p.m. | Air 32 Breeze; part cloudy} Ripply a 13 
‘ Water /26.5 
7/19 |11:50 a.m. | Air 29 Breeze; hazy Ripply a 9 
Water [27 
7/20 |10:00 a.m. | Air 26 Breeze; part cloudy| Ripply a 9 
Water (|26 
7/21 |10:45 a.m. ; Air 27 No wind; Smooth a 9 
Water (26.5 part cloudy 
7/22 {10:30 a.m. | Air 23 No wind; rain Smooth a 13 
Water (|25 
7/23 10:30 a.m. | Air 27 Breeze; rain Ripply a 9 
Water |25 
7/24 {10:30 a.m. | Air 26 Breeze; hazy Ripply a 9 
Water [25.5 
7/25 |11:30 a.m. | Air 24 Breeze; part cloudy| Ripply a 9 
Water (25 
7/26 |12:30 p.m. | Air 26.5 | Breeze; part cloudy! Ripply d 9 
Water (26 
7/27 \10:40 a.m. | Air 24.5 | Breeze; clear Ripply a 13 
Water [25 
7/28 |10:50 a.m. | Air 25 Breeze; hazy Ripply a 9 
Water [25.5 
7/29 |10:45 a.m. | Air 25 Breeze; hazy Ripply a 9 
Water (|25.5 
7/30 |10:40 a.m. | Air 27.5 | Breeze; hazy Ripply a 9 
Water (25.5 
7/31 |11:00 a.m. | Air 26.5 | Breeze; hazy Ripply a 9 
Water |26.5 
8/ 1 {11:00 a.m. | Air 24.5 | Breeze; part cloudy| Ripply a 9 
Water |26 
8/ 2 |11:07 a.m. | Air 27.5 | No wind; clear Smooth a 9 
Water |26 
8/ 3 |10:50 a.m. | Air 28.5 | Breeze; hazy Ripply a 9 
Water (|25.5 
8/ 4 |10:30 a.m. | Air 27 Breeze; part cloudy| Ripply a 9 
Water 125.5 
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TaBLE 9.—Hourty Co.ections, Station Ila 
Time aayaenahenee AS Waton Anchor | Number 

Tors a & Sai gesmeeee eonciions owalitiens drift h al i 

8/11 | 7:00 a.m. | Air 19.5 | Breeze; hazy Ripply d 6 
Water |24 

8/11 | 8:00 a.m. | Air 20.5 | Breeze; hazy Ripply d 6 
Water |24.5 

8/11 | 9:00 a.m. | Air 22.5 | Light wind; hazy | Wavy d 6 
Water |25 

8/11 |10:00 a.m. | Air 24 Light wind; hazy | Wavy d 6 
Water 125.5 . 

8/11 |11:00 a.m. | Air 27 Light wind; hazy | Wavy d 6 
Water (26 

8/11 12:00 m. Air 28 Light wind; hazy | Wavy a 6 
Water (26.5 

8/11 | 1:00 p.m. | Air 29.5 | Wind; hazy Choppy a 6 
Water |26 

8/11 | 2:00 p.m. | Air 29.5 | Wind; hazy Choppy a 6 
Water |26 

8/11 | 3:00 p.m. | Air 30 Wind; hazy Choppy a 6 
Water (26 

8/11 | 4:00 p.m. | Air 29.5 | High wind; hazy Rough a 6 
Water (26 

8/11 | 5:00 p.m. | Air 26 High wind; hazy Rough a 6 
Water (25.5 

8/11 | 5:48 p.m. | Air 25.5 | High wind; hazy Rough a 6 
Water (25.5 

8/11 | 6:40 p.m. | Air 20.5 | High wind; hazy Rough a 6 
Water (25 
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INTRODUCTION 


In investigating the activity of Teredo navalis in San Francisco 
Bay, it was early noted that this species presents locally a wide range 
of variation, particularly in the outlines and sculpture of the shell. 
At various points about the bay specimens were taken from time to 
time which differed so considerably in these respects as to suggest 
at least the possibility that they might represent distinct species. 
But further collecting continually brought to light intermediate 
forms, and, as these accumulated, they were found to link together 
the aberrant types by a large series of almost insensible gradations, 
so that there could no longer be any doubt that all were representa- 
tives of a single species. This species was identified by Kofoid 
(1921) as Teredo navalis Linn., and was shown in a later paper 
(Kofoid and Miller, 1922) to be identical with that species from 
European waters. 

The present study has been undertaken with a view to pointing 
out the range of such variations under the conditions occurring in 
San Francisco Bay, and, so far as possible, to correlate them with 
certain known factors of environment. 

I am indebted to Professor C. A. Kofoid for invaluable direction 
and advice during the progress of this work. I am further grateful 
for the codperation of the U. 8. Lighthouse Service, the U. S. Navy 
Yard at Mare Island, the Board of State Harbor Commissioners, the 
Southern Pacific Railroad Company, the California and Hawaiian 
Sugar Refining Corporation, and the various members of the San 
Francisco Bay Marine Piling Committee, through whose assistance 
more than two thousand shells have been made available for our 
study. 

The material at hand has been carefully worked over as a whole 
and certain selections with respect to age and locality have been 
made. The present paper represents a detailed study of about 800 
shells. 
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THE SHELL OF TEREDO 
DESCRIPTION 


The shell of a larval Teredo at the time of its settlement on a 
submerged timber is that of a typical bivalve, nearly circular in 
outline, with prominent umbones. The valves are equal and ex- 
tremely convex, so that together they have a subglobular form, this 
being characteristic of teredine larvae. A few lines of growth are 
indistinetly visible. 

Very soon after settlement and the commencement of boring, 
however, marked changes become evident. Details of the meta- 
morphosis are reserved for a later paper; suffice it to state here that 
the shell grows more rapidly at the ventral and posterior margins 
than anteriorly, so that the median portion becomes the most promi- 
nent part of the shell, while at the same time a pronounced wing or 
auricle is developed posteriorly, on the inner surface of which the 
large adductor muscle is attached. Because of the peculiar method 
of srowth, a permanent gape is left between the valves both in front 
and behind; through the former of these protrudes the specialized 
subcireular foot, while through the latter the elongated body extends 
posteriorly. 

A few days after the commencement of growth in the wood, the 
shell has assumed the form of the adult, in that each valve has a 
distinct anterior, a large median, and a posterior lobe. A knob or 
secondary point of contact early develops at the ventral edge of the 
median portion, so that the shells are able to rock on the original 
dorsal and secondary ventral articulations as fulera, the anterior 
and posterior adductor muscles now opposing each other in action. 
The ridges on the anterior lobe are parallel to its margin, and meet 
at nearly right angles the prominently toothed ridges of the anterior 
part of the median lobe. Growth now occurs by addition of succes- 
sive increments to the margin in such a way that the newly estab- 
lished shape of the shell is but little altered; each ridge on the 
anterior lobe meets at a right angle a ridge of the median lobe, which 
in turn is continuous around the ventral margin with a more or less 
prominent line of growth on the posterior portion. There is at the 
same time an inerease. in the thickness of the entire shell, owing to 
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a further deposition of nacre on its inner surface, and in the region 
of the umbone a secondary calcareous plate, which conceals some 
of the earlier lines of growth, is deposited by the overlapping mantle. 

In deseribing and referring to a shell so complicated in structure 
as this one, the nomenclature employed necessarily becomes somewhat 
involved. In order to render further discussion as lucid as possible, 
a ready key to the terminology employed is furnished in figure A. 
It will be observed that the three lobes of the shell are denoted 
respectively as anterior, median, and auricle. The second of these 
has been further subdivided into anterior median, middle median, 
and posterior median parts. 


< -\SS\ymone 


-VENTRAL 
_ ARTICULATION 


Fig. A. Interior and exterior views of the shell of Teredo, showing termin- 
ology adopted. 


In interior view the salient features are the specialized dorsal 
and ventral articulations, and the broad, flat process extending free 
ventrally from the inside of the dorsal knob, the apophysis, the 
function of which is probably to yield visceral support. 


AGE AND DEposTION oF RIDGES 


Morphologically the eutting ridges on the shell of Teredo are 
exaggerated lines of growth. Their deposition must be a function 
of two variables: a physiological tendency to deposit ridges with 
what seems to be an approximate periodicity, and a direct dependence 
of the activity of the animal upon conditions of food, salinity, and 
temperature. That is to say, the ridges on the shell are a record, 
not alone of the age of the animal, but also of the favorable or un- 
favorable conditions under which it has lived. To separate the 
effects of these two factors is a highly complicated problem. 
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By our system of planting and removing test timbers at regular 
intervals in infected localities, it has been possible to get a limited 
number of shells whose age can be estimated with a considerable 
degree of accuracy. These timbers, having been planted during 
the height of the breeding season, when the water was swarming 
with larvae, may safely be assumed to have been attacked within a 
few days after planting. As the seasonal period of attachment of 
larvae continues during several months, specimens of varying ages 
will of course be found in the same timber; accordingly, the larger 
specimens were selected in each case, as representing those which 
were first to enter the wood after it was placed in the water.- 


TABLE 1 
RATE OF GROWTH OF RIDGES ON SHELLS OF TEREDO AT GoAT ISLAND 
Age 
(a 
1 month 2 months 3 months 4 months ; 
Number of ridges: 7 9 14 16 
8 11 15 16 
8 12 15 18 
8 12 15 18 
8 12 15 18 
8 12 16 ‘ 18 
9 12 16 19 
9 12 16 19 
9 13 16 19 
9 13 16 19 
9 13 17 19 
9 13 ily 19 
9 13 17 19 
9 13 17 19 
10 3 ily 19 
10 14 17 19 
10 14 18 20 
10 14 18 20 
10 14 18 21 
10 14 18 21 
10 15 18 21 
11 15 18 21 
11 15 18 23 
11 15 18 24 
11 15 18 
9.3 13.1 16.7 19.3 


Rate of Growth per Month 


1st month 2d month 3d month 4th month 
9.3 3.8 3.6 2.6 
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Series of specimens of the ages indicated were available for 
comparative study from several localities in San Francisco Bay. The 
first group to be discussed is that from the lighthouse depot at Goat 
Island, in the central portion of San Francisco Bay. The ridges on 
the anterior lobe of the shell were counted under a magnification of 
39. diameters. The results are given in table 1. 

A source of error lies in the fact that, while new ridges are being 
added at the margin of the shell, certain of the earlier ones are lost 
by erosion or by the overgrowth of shelly material mentioned above, 
so that the figures in the table may represent a few less than the 
actual total of ridges deposited in a given time. This error seems 
unavoidable, and is negligible for practical purposes. 

Data from older shells of known age are not available from this 
point, owing to the fact that our test timbers were greatly weakened 
at the end of the fourth month, and a heavy storm in December 
entirely destroyed them. 

It will be noted that the rate of growth, as measured by addition 
of ridges, is extremely rapid during the first month (9.3), after 
which it drops suddenly and remains nearly constant during the next 
two months (3.8 and 3.6). This is what we should have expected 
from observing that the burrows of Teredo expand rapidly in the 
first inch or two of their length, after which the increase in diameter 
is slow and nearly constant. During the fourth month a further 
decrease (2.6) in the rate of growth is evident; this may indicate 
the influence of lowered temperature (the fourth month ended De- 
cember 15) or the effect of crowding, as the timbers were already 
entirely honeyecombed, so that further growth was much limited, if 
not indeed impossible. 

At Goat Island we have a condition of high and fairly constant 
salinity, considerable depth (26 feet at low tide), and a minimum 
range of temperature fluctuation. Fortunately, we were able to 
make a comparative study (table 2) on material available from 
Crockett, a locality well toward the upper reaches of the bay. At 
this station the water is brackish and the temperatures more variable, 
owing to the inflow of a considerable volume of water from the San 
Joaquin and Sacramento rivers. The depth here is about the same 
as at Goat Island. Only specimens of the ages indicated were avail- 
able. 

Here again we note a rapid growth during the first month of 
boring life, followed by a sudden decrease, the figures for the first 
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two months comparing markedly, both as to mean and to mode, with 
those tabulated for Goat Island. For the progressive decrease in rate 
of growth found at the end of the third month we find no explanation 
in external conditions. Salinity records are available for every day 
of this period, and show that the salt content of the water, while 
fluctuating considerably, never fell below 12 parts per 1000, and was 
usually above 20 parts per 1000; being, in fact, at its highest during 
the period when the decrease in rate of growth occurred. Our experi- 
mental work has indicated that Teredo will flourish in salinities con- 
siderably lower than these. The only explanation, therefore, which 
recommends itself is that suggested above in connection with a similar 


TABLE 2 
Rate oF GRowtH oF RipGES ON SHELLS OF TEREDO AT CROCKETT 
Age 
8 
1 month 2 months 3 months 6 months 

Number of ridges: 6 10 12 18 
T 10 12 18 

tl 10 13 18 

7 10 13 18 

8 ial 13 18 

8 11 13 18 

8 11 13 18 

8 11 13 19 

8 11 13 20 

9 12 13 20 

9 12 14 20 

9 12 14 21 

9 12 14 21 

9 12 14 21 

9 13 14 21 

9 13 14 22 

9 : 13 15 22 

10 13 15 22 
10 3 15 22) 
10 13 16 22 
10 14 16 23 
10 14 16 23 
10 14 16 24 
11 14 16 24 
11 14 17 26 

Mean: 8.8 12:1 14.2 20.7 


Rate of Growth per Month 


1st month 2d month 3d month 4th, 5th and 
6th months 
(mean) 


8.8 3.3 2.1 2.2 
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finding at Goat Island, namely, the deleterious effects of crowding. 
Our experimental timbers at Crockett were so thoroughly riddled 
after three months that they went to pieces, and no further data were 
obtained from them. 

It should be explained that the six months specimens were taken 
from heavier timbers, which were not so soon destroyed. 

A few shells of known age were available from other localities, 
and these were examined as a check on the accuracy and general 
applicability of the above figures. From the Oakland Harbor Light 
Station, two miles across the channel from Goat Island, 5 shells 3 
months old averaged 16 ridges; 8 shells 4 months old averaged 18.7 
ridges. From the Dumbarton bridge of the Southern Pacific Rail- 
road, near the southern end of the bay, a series of 10 shells 6 months 
old averaged 20.5 ridges. From the dock of the Angel Island Immi- 
gration Station, a series of 10 shells of similar age averaged 20.6 
ridges. These findings, with due allowance for the smaller numbers 
considered, are in general agreement with the foregoing tables. 

As to the rate of deposition of ridges after 6 months, no precise 
data are available. <A series of 25 shells from Crockett, estimated 
from the length of the burrows and the period of time the pile from 
which they were taken was known to have been exposed to be not 
less than 15 months old, averaged 38.8 ridges. A series of 20 shells 
from Goat Island, judged to be of approximately the same age, aver- 
aged 42.1 ridges. 

The largest shell which we have taken has 81 ridges. This shell 
is from a specimen 20 inches long taken at the Oakland Southern 
Pacifie Mole, which, from its size, the thickness of the nacre lining 
the burrow, and the badly worn condition of the pallets, may very 
well be two years or more old. 

While we would hesitate to draw any sweeping conclusion from a 
study of only 270 shells of approximately known age, the data 
appear certainly to justify the statement that, under the conditions 
of salinity and temperature occurring normally in San Francisco 
Bay, with some exceptions later to be discussed, the shell of T'eredo 
navalis may be expected to grow at the rate of 8 or 9 ridges during 
the first month of boring life, and from 2 to 4 ridges per month 
thereafter. 

It will be noted that the tables show a slight but consistent advan- 
tage in number of ridges of the shells from Goat Island over those 
from Crockett. The significance of this fact will be pointed out 
farther on. 
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VARIABILITY AND ENVIRONMENT 


There is seareely a detail of the structure of a Teredo shell which 
does not exhibit variability. The outlines of the shell and the rela- 
tions of the various parts to each other are frequently markedly 
dissimilar in different specimens. This is particularly true with 
reference to the auricle, which may be reduced or very prominent, 
rounded or quadrate, or elongate and reflected; its position varies 
between posterior and posterodorsal. Other marked variables are the 
prominence of the ridges on the anterior and median lobes and the 
width of the spacing between them, details of the serrations on these 
ridges, width of the anterior median denticulated area, size of the 
angle formed at the junction of anterior and median lobes, degree of 
convexity of the shell, and thickness and color of the periostracum. 
On the interior of the shell, considerable variation occurs in the rela- 
tive length and breadth of the apophysis, and in the width of the 
shelf produced by the slight overlapping of the inner edge of the 
auricle upon the median portion. 

To treat in detail of all the deviations observed in these studies 
would be a practical impossibility, as well as inconsistent with our 
limited knowledge of the conditions which occasion them. We have 
accordingly confined attention to those variations which are at once 
the most salient and the most easily described or expressed in terms 
of numerical coefficients. Such are the variations occurring in num- 
bers of ridges, in length of auricle, in certain details of surface 
sculpture, and in color. These will be considered in the following 
pages in relation to what seem to be their principal environmental 
antecedents. 


Eco.togicat CONDITIONS 


San Francisco Bay exhibits a series of conditions of peculiar 
interest from an ecological point of view. As regards salinity, depth, 
and temperature, and somewhat, as well, the contour of the shore, 
the bay naturally divides itself into three major portions, which we 
may term according to geographical position ‘‘upper,’’ ‘‘middle,”’ 
and ‘‘lower.’’ The upper bay includes San Pablo and Suisun bays 
and the connecting straits (see map, pl. 13), being bounded on the 
south by a line from Point San Pedro to Point San Pablo. The 


middle bay extends from this line southward to ‘‘a line through the 
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[San Francisco] Ferry Building and Goat Island Light’’ (Sumner, 
et al., 1914, p. 22). The lower bay includes the remaining portion 
south of this line. 

These three divisions, taken as a whole, manifest three rather 
distinet sets of ecological conditions. 

The upper bay represents the brackish water environment, with 
continually fluctuating salinity and maximum range of temperature 
throughout the year. Receiving at its upper end the combined dis- 
charge of the Sacramento and San Joaquin rivers, this segment of 
the bay is very greatly affected by the inflow of so considerable a 
quantity of fresh water. The interaction of run-off and tidal move- 
ment produces a daily and almost hourly change in salinity, which 
is altered further by variations in the width and depth of the channel 
at different poimts, and by differences in the seasonal discharge of 
the rivers, which is ordinarily more than five times as great during ° 
the first six months of the year as during the last six months 
(Grunsky, 1921, p. 14, ete.). In the Carquinez Straits the annual 
range of variation in salinity is as great as from 0 to 27 parts per 
1000. Salinities at several points in the upper bay during 1921 are 
graphically shown in the appended chart (fig. B). 

The middle bay exhibits a set of conditions nearly the opposite 
of those just described. Its greater depth and volume and proximity 
to the open sea make for a condition of high and fairly constant 
salinity and for a minimum temperature fluctuation. Salinities at 
two localities in this portion of the bay during 1921 are charted in 
figure B. These are not, unfortunately, the localities of maximum 
salinity, being considerably to the northward of the Golden Gate. 
Records of the Albatross investigations during 1912-1913 show the 
mean annual salinity at certain points in this area of the bay to be 
as high as 30 and even 31 parts per 1000 (Sumner, e¢ al., 1914, pl. 4). 

The lower bay represents an environment intermediate between 
the two extremes just described. A great unbroken expanse of com- 
paratively shallow water (mean depth 7.8 fathoms, as compared with 
a mean depth of 14.8 fathoms for the sector of the bay between Goat 
Island and Point Richmond), receiving no streams of any importance, 
the lower bay presents a complex of conditions peculiar to itself. 
The salinity is somewhat lower than that of the waters more proximal 
to the open sea, though at the same time it probably is subject to less 
daily and seasonal variation. Unfortunately, hydrographic investi- 
gations in this region have been extremely limited. The Albatross 
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Vig. B. Salinities at various points in San Francisco Bay during 1921. Stations 1-6 are in the upper bay, 7-8 in the middle bay. 
Reproduced by courtesy of the San Francisco Bay Marine Piling Committee from its Report for 1922. 
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records show a mean salinity of from 28.47 to 29.14 at eight different 
stations south of Goat Island, the lowest figure recorded during a 
one-year period being 24.85 as compared with a maximum of 31.36 
at the same station. For a very large stretch of water at the southern 
end of the bay no salinity records are available, but we are fairly 
safe in assuming that they would be consistent with the above figures, 
with possibly a slight increase in the mean during the summer, owing 
to the effect of evaporation’ (Sumner, et al., 1914, p. 85), and the 
opposite effect of seepage during and after the maximum run-off. 

Yhe temperature range is notably greater here than in the middle 
bay, owing largely to the influence of air temperatures on so large 
an expanse of relatively shallow water; but less, on the other hand, 
than in the upper bay, whose temperatures depend in considerable 
measure on those of the riyers tributary to it. 

Temperature ranges in the three divisions of the bay can best be 
compared by reference to text figure C, where they are graphically 
represented. 

Depth is a factor which we have usually not taken into account; 
this will be briefly discussed farther on. The effect of sewage (oxygen 
content) has also been disregarded, owing to the difficulty of obtain- 
ing quantitative data; in this connection it is to be remembered 
further that the greatest sewage contamination occurs in the middle 
bay, where volume of water and tidal action are greatest, both tending 
to counteract the effect of sewage; if contamination of this sort has 
any influence on Teredo, such influence probably occurs only actually 
at or near the mouths of sewers. 

In order that any effect of environment in producing variation 
might be observed in its maximal expression, we selected for this 

1A few water samples taken at scattered intervals at Dumbarton by the writer 
suggest that salinities at this point are not so high as Sumner (loc. cit.) has sup- 
posed. Below are tabulated our findings, together with salinities on or near the 
same dates at Tiburon, in the middle bay. It will be seen that the figures for the 


latter station are notably higher, even though Tiburon is not a locality of maximal 
salinities in this sector of the bay. 


COMPARISON OF SURFACE SALINITIES AT DUMBARTON AND TIBURON DURING THE 
SUMMER OF 1922 


DUMBARTON TIBURON 
Date Tide Salinity Date Tide Salinity 
May 24 high 22.18 May 26 high 22.81 
July 21 high 28.57 July 21 high 29.51 
Aug. 24 low 26.51 Aug. 25 low 29.51 
Aug. 28 low 27.77 Sept. 1 low 31.06 
Sept. 8 middle 28.53 Sept. 8 low 31.71 


The samples at Dumbarton were taken in the main channel, where the depth 
is about 50 feet, and the tidal flow very great. It does not appear that evapora- 
tion has had any appreciable effect in increasing salinities in this region during 
the period in question, unless it be in very shallow slack water along the shores. 
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Fig. C. Seasonal range of temperature in the three divisions of the bay. Numbers along the locality codrdinate refer to hydrographic stations. 
(After Sumner, et al., 1914, fig. C.) 
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study specimens of Teredo from localities most distinctly character- 
ized by the physical differences we have described. Specimens from 
the upper bay have been taken principally from the region of Car- 
quinez Straits, those representing the middle bay from Goat Island 
and from the Southern Pacific and Western Pacific moles, and those 
considered typical of the lower bay have been collected at Dumbarton. 


VARIATION IN NUMBER OF RIDGES 


It has already been pointed out, in discussing the growth of the 
shell, that shells from Goat Island show a slight but consistent advan- 
tage in number of ridges over shells of the same age from Crockett. 
The significance of this was not immediately evident. In order to 
let further light on the matter, it was decided to count on several 
series of shells the number of ridges per millimeter on an arbitrarily 
chosen part, in order to determine whether or not there is actually 
a greater number of ridges per unit area on the shells from the 
middle bay. The portion of the shell chosen was the first millimeter 
of the anterior median denticulated area, approximately in a line 
with the lower edge of the anterior lobe, but definitely at right angles 
to the ridges. The following curves (Fig. D) are based on 50 shells 
from each of three localities; the shells have been selected at random, 
but are not the same ones used in preparing the above tables of rate 
of growth, which makes the correspondence in results the more sig- 
nificant. 

These curves appear to indicate a very definite correlation between 
environmental conditions and the number of ridges per unit area on 
the shell, the greatest number of ridges being found on shells from 
the middle bay, and the least number on shells from the upper bay, 
while those from the lower bay stand intermediate between them. 
The exact reason for this correlation is not entirely clear. We would 
suggest that it lies both in the absolute differences in temperature 
and salinity and in the range of such differences. 

That environmental conditions play a prominent part in deter- 
mining the deposition of ridges there can be no doubt. We are often 
able to read in the sculpture of a series of shells from a given locality 
the history of some definite alteration in the life conditions, which 
has left its mark on a number of shells. As an example of this, note 
in plate 14 the unusually wide interspace by which the newest ridge 
is separated from its neighbors, this same condition occurring in a 
number of shells taken at the same time and place. 
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With the foregoing facts in mind, we naturally infer that the 
combination of conditions occurring in the upper bay tends to pro- 
duce certain changes in the physiological cycle of ridge deposition, 
the net result of which is a lesser number of ridges per unit area 
of the shell than we find to be the case under the conditions prevail- 
ing in the middle and the lower bay. This corresponds with the 
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Fig. D. Curves showing number of ridges per millimeter on the shell of Teredo 
from three different stations. 


results of tables 1 and 2, which indicate a fewer number of ridges 
per unit of time for shells from the upper bay. That is, in the Car- 
quinez Straits region, T'’eredo deposits ridges farther apart and at 
wider intervals of time than at stations down the bay. 

A further note of interest on the effect on Teredo of lowered 
salinity and fluctuating temperature is the difference to be observed 
between shells at different levels of the same pile in the upper bay. 
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This is well brought out in plate 15, figure 1, where we have compared 
a series of shells taken at Crockett from near the mud line of a pile 
(depth 20 feet) with a series from near the top of the same pile, 
taken at about low tide level. Our hydrographic data show that the 
differences between top and bottom salinities at this point, owing to 
the greater specific gravity of the more saline water, may at times 
be as great as 6 parts per 1000 (Kofoid and Miller, 1922, p. 81). 
We know further that in this location conditions sometimes prove 
lethal to Teredo near the top of a pile, while permitting it to survive 
lower down. In other words, the surface conditions here are very 
close to the critical point which determines the life or death of the 
animal. 

The shells of Teredo occurring in this region of stress at the upper 
end of the pile are very notably dwarfed as compared with those 
from a greater depth. Furthermore, they have fewer ridges, and 
the interspaces separating these are considerably wider (pl. 15, figs. 1, 
2 and 3). These facts are entirely consistent with our previous con- 
clusions regarding the effect of lowered salinity and fluctuating con- 
ditions, being merely an exaggeration of the differences found between 
shells from Crockett and Goat Island. 

It is to be remarked also that shells from near the surface at 
Crockett are very similar to shells from near the bottom at Port 
Costa and Martinez, points farther up the bay,-where Teredo leads 
a precarious existence and rarely survives the fresh-water period of 
winter floods. 

Under these unusual conditions the estimate of the rate of growth 
of the shell of Teredo set down above (p. 300) would not hold good, 
growth being much retarded. 

Elsewhere in the bay the effect of depth has not been taken into 
consideration, owing to a paucity of material from near tide levels. 
A few specimens that we have from the upper part of a pile in the 
middle bay are not observably different from those taken at greater 
depths. Conditions at surface and bottom are much more uniform 
in the middle and the lower bay, and any effect of depth is probably 
so slight as to be negligible. 
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VARIATION IN THE AURICLE 


Inasmuch as the variations which occur in the posterior lobe of 
the shell are rather obvious to the eye but extremely difficult ade- 
quately to describe, considerable care has been given to the prepara- 
tion of plates 16 and 17 (fig. 1) in order that they may illustrate as 
accurately as possible the range of the differences we have observed. 

The position of the auricle, we have noted above, varies between 
posterior and posterodorsal. It was at first thought that this might 
have some definite significance with relation to the effeet of environ- 
mental factors; but further study has indicated that the position of 
this lobe of the shell is in considerable degree determined by the age 
of the specimen. In younger shells the auricle is normally postero- 
dorsal; but as it grows by further accretions backward and ventrally, 
it is resorbed at the dorsal edge, so that its position with reference 
to the median part of the shell becomes continually more definitely 
posterior. This is strikingly illustrated in plate 15, figure 4. 

With regard to the degree to which the auricle is reflected out- 
ward at its posterior edge, a condition which becomes more exagger- 
ated in the older shells, it is sufficient to remark that this is an 
adaptation to prevent its cutting into the viscera with the rocking 
movement of the shell which accompanies boring; naturally this 
condition becomes more pronounced in those shells having the longer 
auricles. 

Shells from the upper bay tended in general to have more promi- 
nent auricles than shells from the middle and the lower bay. We 
undertook, accordingly, to get a definite numerical expression of the 
degree of this difference. The greatest length of the auricle (meas- 
ured outside, from the depression which marks its junction with the 
middle lobe to its posterior edge) was divided by the length of the 
middle lobe, as measured on a line taken from the angle between 
anterior and middle, perpendicular to the forward margin of the 
middle (fig. EF). The resulting quotient was taken as the index of 
the relation of the auricle to the middle lobe. These indices were 
then tabulated and used as the basis of a graphie representation of 
the range of the differences in question. 

The length of the middle lobe was taken as a constant somewhat 
arbitrarily, not because it does not vary, but for convenience, and 
because it was deemed a safer constant than, for example, the entire 
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length of the shell, which would include the possibility of an indepen- 
dent variable in the anterior lobe. 

We would mention further that measurements based on the length 
of the auricle give an inadequate representation of the actual range 
of variation encountered ; variation occurs, also, as we have previously 
stated, in breadth and in shape (pl. 16) ; but it is difficult, for obvious 
reasons, to reduce these factors to a numerical expression. We have 
for practical purposes considered simply the prominence of the 
auricle, and of this the measured length gives us a fair indication. 


Fig. E. Diagram of Teredo shell, showing method of obtaining index of 
auricle. 


The following graphs (Fig. F) are based upon 100 shells from 
each of the three localities selected. 

In analyzing these curves, we observe first a constant and rather 
marked difference between shells from Goat Island and those from 
Crockett, a difference which is expressed alike in the extremes, the 
means, and the modes. The shells from the upper bay have a 
definitely and consistently larger auricle than those from the middle 
bay. The shells from Dumbarton, as we should have anticipated from 
our analysis of environmental conditions at that place, stand inter- 
mediate between those from the upper and the middle bay. While 
all three of our curves manifest certain irregularities, owing doubtless 
to the limited number of shells considered, at seven points out of a 
possible eleven the curve representing shells from the lower bay falls 
between the other two. 

The most salient feature of these graphs is the closeness with which 
they agree with the graphs representing the number of ridges per 
millimeter of the shells from the same three localities (fig. D). While 
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the relation is indeed an inverse one, it indicates none the less the con- 
sistent action of environment in producing variation. In other words, 
we have studied these groups of shells from two entirely different 
points of approach, and have arrived in each case at the same con- 
clusion, namely, that the three different types of environment have 
produced three rather distinet types of variation in the shell of 
Teredo, and that in each case the intermediate environment (the 
lower bay) has produced a type intermediate between those of the 
middle and the upper bay, representing the extremes of environment. 
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Fig. F. Curves representing index of auricle of the shell of Teredo at three 
different stations. 


VARIATION IN SURFACE SCULPTURE 


Shells from the upper bay are generally more irregularly seulp- 
tured and rugose than those from other portions of the bay. They 
are less transparent and lustrous; the periostracum is thicker and 
more opaque, and considerably roughened across the middle median 
area. The lines of growth are more prominent, indicating greater 
lapses in the process of growth than occur under the more constant 
conditions of the middle bay. 

It has already been shown that the denticulated ridges are less 
numerous and closely spaced on shells from the upper bay than on 
those from the middle and the lower bay. A microscopic study shows 
that these differences are carried even to the details of the denticles 
on the ridges. On the shells from the upper bay, with their fewer 
and more widely spaced ridges, these denticles are more individuated 
and sharply outlined, having a distinctly serrate appearance (pl. 17, 
fig. 4). Shells from the middle bay, on the other hand, have more 
close-set and less sharply delineated denticles, which, under the low 
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power of the microscope, present a beadlike appearance, very different 
from that just described (pl. 17, fig. 2). Here once more we find that 
shells from the lower bay occupy a position intermediate between 
the other two types (pl. 17, fig. 3), with a tendeney to resemble more 
nearly the form from Goat Island. 


VARIATION IN COLOR 


The shells from Crockett (see plate 16) are very distinctly more 
pigmented than those of either of the other series. This is true of 
shells from the upper bay generally ; we have found it to be the case 
almost without exception in shells from Mare Island, Crockett, Port 
Costa, and Martinez, as compared with shells from Goat Island, 
Angel Island, Oakland Harbor, and the San Francisco water front. 

Coloration when present ordinarily manifests itself chiefly in a 
fairly broad brownish stripe from dorsal to ventral across the middle 
median portion. This stripe varies in color from a pale brownish 
yellow through varying shades of brown, often warmly tinged with 
red, to a heavy sepia; the color nearly always tends to fade out 
toward the dorsal and ventral margins of the shell. In addition to 
this median stripe we often find, more especially in shells from the 
upper bay, a roseate or occasionally brownish color suffused over the 
denticulated area (anterior median) ; in the more heavily pigmented 
shells a distinetly reddish or brownish patch occurs on the auricle. 

As regards the absolute differences of coloration in shells from 
the upper and the middle bay, it is difficult to make any statement 
more definite than that the former manifest color in maximal, the 
latter in minimal, amount. Shells from the upper bay are character- 
istically marked with reddish or brownish color, while those from the 
middle bay are lighter and more translucent, and often entirely 
white. The Dumbarton shells more nearly resemble, in this respect, 
those from the middle bay. 

With our present limited knowledge of the physiology of Teredo, 
the basis of these differences in color is difficult to determine. The 
color lies entirely in the periostracum, which may be scraped off, 
leaving the shell perfectly white. This would suggest that the thick- 
ness of the periostracum is at least a factor in producing depth of 
color. It has been stated above that the shells from the upper bay 
exhibit a thicker and rougher epidermis; it is natural therefore that 
these shells should have the deepest color, while those from the lower 
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bay would be lighter, owing to the white prismatie layer showing 
through the thinner epidermis. 

That coloration is, however, in considerable measure directly 
dependent on immediate factors of environment, independent of the 
thickness of the periostracum, becomes evident from certain types 


ce 


of what we may term ‘‘accidental’’ coloration that have been ocea- 
sionally observed. 

In two different instances we have found that a nail driven into 
a redwood timber below water line has produced an area of black 
discoloration (ferric tannate) through the action on the iron of the 
tannic acid in the wood. Teredos were working successfully in this 
discolored area, but their bodies and shells were deeply stained with 
blue (pl. 17, fig. 6). Teredos working elsewhere in the same piece of 
wood were not so colored. 

In a number of instances we have found that the shells of Teredo 
left in stagnant water in our aquaria were colored almost entirely 
black by the action of sulphur bacteria (pl. 17, fig. 5). This must 
have been due to some physiological cause, as the shells of dead 
teredos under the same circumstances were not discolored. 


SYSTEMATIC BEARING OF VARIATIONS 


The data presented in the foregoing pages appear to demonstrate 
that certain variations occurring in the shell of Teredo navalis in San 
Francisco Bay have a definite and causal relation to corresponding 
ecological conditions. This inevitably suggests some discussion of 
the systematic treatment to be accorded such environmental forms. 

The type of variate occurring in the upper bay has been described 
by Bartsch (1921) as Teredo beachi, n.sp., San Pablo Bay being 
designated as the type locality. The diagnostic characters which dis- 
tinguish this form from the type of Teredo navalis are not definitely 
stated. But we note in the description mention of ‘‘a strong posterior 
auricle .. . umbones and a streak in the middle median portion ... 
rose colored . . . dental ridges . . . very strongly denticulated .. . 
strong auricle... marked by rough lines of growth ... center of the 
median portion is marked by a roughened area . . . auricle is marked 
by strong, curved lines of growth .. .’’ 
large auricle, color, strong denticulation, median roughened area, and 
prominent lines of growth, as well as the type locality given, identify 


ete. The emphasis on the 
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this teredo as the environmental form which we have considered 
typical of the upper bay. The wide variation we have described in 
these characters obviously precludes such variants from specific rank. 
The question remains as to whether beachi should be retained as a 
subspecies, or included in the synonomy of navalis. In ease of the 
former alternative, a subspecies would have likewise to be established 
for the form from the lower bay and perhaps, also, as further study 
might show, for each of several intermediate environmental forms 
at other localities, the Goat Island form being considered typical. It 
might even be necessary in some cases to establish subspecies for 
teredos from the top and the bottom of the same pile. 

It will be recalled that the localities from which shells were taken 
for this study were chosen as representing the extremes of environ- 
ment in which Teredo occurs in San Francisco Bay. And in attempt- 
ing to establish the effect of environmental conditions in producing 
variation, we have naturally and legitimately emphasized the differ- 
ences rather than the similarities observed among specimens from the 
localities in question. We would call attention to the fact that, while 
the extreme differences are rather marked, the mean differences 
among shells even from these specially selected localities are com- 
paratively slight. In many, indeed, in most, cases it is impossible 
to take an isolated unmarked shell and declare from what locality it 
has come. By referring again to figure D it will be seen that shells 
having from 13 to 18 ridges per millimeter might come from any of 
the three localities considered, the curves overlapping to this extent. 
From figure F it is evident that the index of the auricle may range 
from 30 to 70 without indicating the locality from which a shell has 
come. A similar statement may be made regarding the other points 
of difference noted among these three environmental races. It is only 
in the ease of the extreme variates that a locality diagnosis can be 
made on the basis of intrinsic characters of the shell. 

Furthermore, as we depart from the extremes of environment, 
the differences mentioned appear to become more and more obscure, 
until they are entirely lost, the various races merging with each other 
at intermediate points. Sufficient material is not available adequately 
to illustrate this, but a few specimens are at hand from stations 
between Crockett and Goat Island which indicate at least the trend 
to such coalescence. From Oleum (see map) we find in 25 shells a 
variation of from 14 to 20 ridges per millimeter on the anterior 
median, and a range of from 28 to 67 in the index of the auricle, 
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thus indicating, with due allowance for meager numbers, a slight 
departure in both these respects from the shells from Crockett, and 
a tendency more nearly to resemble shells from Goat Island. The 
shells from Oleum are also less pigmented and more translucent, and 
in general appearance give the impression of intermediateness be- 
tween the brackish water and the salt water types. They differ from 
the Dumbarton shells in having rather more prominent lines of 
growth. 

A solitary specimen from Pinole in our collection cannot be said 
to differ appreciably from the specimens from Oleum. 

On the other hand, we have from off Point San Pablo and Point 
Richmond a few immature specimens which closely resemble T'eredo 
of similar age from Goat Island. 

These data, fragmentary as they are, throw much doubt on the 
advisability of attaching varietal names to any local groups. The 
free swimming larvae of Teredo are swept about by shifting currents 
to every portion of the bay, and with every breeding season a new 
distributional assortment must occur, so that any locality differences 
which appear in the mature animals must be the immediate result 
of environmental factors acting separately on each generation. The 
most conelusive proof of this has come in a very interesting way 
from what at first appeared to be a discrepancy in our data. It was 
observed that shells from the region of Carquinez Straits taken in 
1920 differed appreciably from those taken in 1921 and subsequently, 
being distinctly more like the shells typical of the middle bay. For 
example, 40 shells collected at Crockett in 1920 averaged 15.8 ridges 
per millimeter on the anterior median portion, as compared with an 
average of 14.5 for shells collected there in 1921 and later. This 
proved very puzzling, until it was remembered that the winter of 
1919-20 was a period of unusually seant rainfall and consequently 
lessened river discharge into the northern arm of the bay, resulting 
in a protracted period of rather high salinity in this region (Kofoid, 
1921, p. 49). With the resumption of normal river discharge in the 
winter of 1920-21 the salinity was lowered. This seems to be the 
explanation of the differences found between shells collected here in 
1920 and 1921 respectively. 

The winter of 1919-20 was marked by probably the lowest river 
discharge since 1863-64 (Grunsky, 1921, p. 15); shells collected 
during this period were accordingly excluded in preparing the fore- 
going tables and graphs, as representing a departure from the normal. 
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They serve to illustrate, however, the degree to which variations in 
the shell of Teredo are immediately dependent on conditions of the 
environment. 

The non-genetie nature of such variations is further indicated by 
the fact noted above (p. 308) that, under certain conditions, rather 
marked differences may occur between shells from near the upper 
and lower ends of the same pile. 


Variation among the Mollusca in general is a conspicuous and 
well-known phenomenon, which cannot but impress itself upon every 
student of shells. A correlation of variation and environment has 
furthermore long been recognized and commented upon by a number 
of writers. As early as 1818 we find Burrow (p. 38) announcing 
that ‘‘varieties are formed, usually, by adventitious cireumstances.’’ 
Bateson (1889), Loeard (1892), Clessin (1897), Davenport (1904), 
Bartsch (1906), Geyer (1909), Pilsbry (1912), and others have 
pointed out certain effects of the conditions of life on the characters 
of mollusean shells. Detailed studies of variation among certain 
groups with reference to environment have lately appeared, such as 
those by Adams (1915), Grier (1919 and 1920), Ball (1922), and 
Colton (1922). These writers are in general agreement that varia- 
tions of a number of different types are definitely correlated with 
station, and hence are the result, at least in considerable measure, 
of the ecological conditions. 

In the case of intra-specific variation which proceeds along suf- 
ficiently distinet and disjoined lines, and especially where the differ- 
ences appear to be hereditary (Lang, 1906; Colton, 1922), there is 
doubtless ample reason for the establishment of appropriate sub- 
species. But variations such as those noted for Teredo navalis in 
San Francisco Bay, which apparently represent the immediate im- 
press of the environment on the individual, afford an extremely 
precarious basis for the formation of new systematic groups. To 
recognize beachi or other local environmental forms of such indefinite 
claims is profitless to present investigators and can serve only to call 
upon our heads the anathemas of future workers in this field. 
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SUMMARY 


1. A study of the growth of the shell of Teredo navalis in San 
Francisco Bay indicates that 8 or 9 cutting ridges are normally 
deposited during the first month of boring life, and 2 to 4 ridges per 
month thereafter. The rate of deposition of ridges tends to be lower 
in the less saline waters. Also, growth may be hindered or stopped 
as a result of crowding. 

2. Teredo navalis, as occurring in San Francisco Bay, exhibits 
an extremely wide range of variation, involving practically every 
feature of the shell. The more salient of these variations—number 
of ridges per unit area of the shell, size of the auricle, prominence 
of the denticles, thickness of the periostracum, and amount of color 
present—have been found to be definitely correlated with factors of 
the environment, especially salinity and temperature. 

3. The general trend of evidence is that these variations owe their 
origin immediately to environmental conditions, and are not inherited. 

4. The local variates of Teredo navalis in San Francisco Bay, 
ineluding beachi Bartsch, have not been found sufficiently well differ- 
entiated from each other to warrant their being classified as sub- 
species. Much less justification exists for assigning to any one of 
them a specific rank. 


ZOOLOGICAL LABORATORY, 
UNIVERSITY OF CALIFORNIA. 


Transmitted July 21, 1922. 
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EXPLANATION OF PLATES 


PLATE 13 
Map of San Francisco Bay and tributaries. 


Reproduced from Report of the San Francisco Bay Marine Piling Committee, 
1921, by courtesy of the Committee. Numbers refer to stations discussed therein. 
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PLATE 14 


Series of shells of Teredo navalis from Crockett, showing effect of environment 
on growth of ridges. Note on each shell the unusual width of the interspace 
separating the newest ridge (left) from previous ridges. X 9. 
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PLATE 15 
Fig. 1. Comparison of series of shells from near the surface (left) and near 
the bottom (right) at Crockett. X 2%. 
Fig. 2. Typical shell from near surface at Crockett. X 10. 
Fig. 3. Typical shell from near bottom at Crockett. X 10. 


Fig. 4. Series of shells from Crockett of progressively greater age from left 


to right, showing change in relative position of auricle through resorption of its 
dorsal edge with growth. X 4. 
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PLATE 16 


Comparison of series of shells from Goat Island (left), Dumbarton (center), 
and Crockett (right), illustrating range of variation at each of these points. X 2. 


Differences in absolute size may be disregarded, as in this case no selection 
has been made for age. 
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PLATE 17 


Fig. 1. Comparison of extreme variates of each of the series figured in plate 
5; Goat Island (left), Dumbarton (center), and Crockett (right). X 5. 

Fig. 2. Details of denticulation of a portion of the anterior median area of 
a shell from Goat Island. % 75. 

Fig. 3. The same, from Dumbarton. 

Fig. 4. The same, from Crockett. 

Fig. 5. Shells from stagnant aquarium, discolored black by action of sulphur 
bacteria. X 4. 

Fig. 6. Head of Teredo, with body and shell colored blue as a result of work- 
ing in redwood in vicinity of an iron nail. “X 4. 
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INTRODUCTION 


Beginning in 1901 and continuing from that time to the present 
under the active leadership of Dr. William E. Ritter, the San Diego 
Marine Biological Station, sueceeded by the Scripps Institution for 
Biological Research of the University of California, has carried on 
varied and extensive investigation of oceanic phenomena. Under the 
pressure of explorational and other fundamental work little attention 
was given to the ecological study of phytoplankton until 1917, when 
the present writer was asked to develop the work along that line. The 
report covering preliminary operations of 1917 and 1918 has been 
published (Allen, 1921a@) ; hence the present paper deals only with the 
work of 1919 after the beginning of standardized operations at the 
Seripps Institution. 

Owing partly to shortage of equipment, no boat work was done 
by the Seripps Institution in 1919. As a consequence the collection 
of phytoplankton was limited to such work as could be done at the 
outer end of the pier, about 1000 feet from shore. Through the first 
eight months of the year daily hauls were made with a tow net. 
Efforts to make statistical studies of such material showed, however, 
that it was not very satisfactory for that purpose. Hence it became 
necessary to change the method of collecting which, after some experi- 
ment, was done on September 1, 1919. 

The inadequacy of tow net catches was mainly due to the fact that 
at times in seasons of light production scarcely any phytoplankton 
was taken by a standard run of the net. Enumeration of such catches 
gave very little more information than was obtainable from casual 
inspection, i.e., that there was very light production of a very few 
forms. But tow net catehes were also very unsatisfactery because it 
was impossible to say, even approximately, how muck water had beer 
traversed or filtered. Hauls were made over a measured distance but 
there was no way of knowing how strength and direction of currents, 
quantity of plankton, viscosity of the water, and abundance of 
sediment affected one catch as compared with another. For suck 
reasons it was decided to preserve the tow net catches for qualitative 
reference and to confine quantitative studies to catches taken by the 
changed method. In this way the scope of this report is limited to 
the series of collections taken from the pier in the last four months 
of 1919. 
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LOCATION 


The Scripps Institution les in approximately 32° 50’ north lati- 
tude and 117° 15’ west longitude. It is about two miles distant from 
the village of La Jolla, near San Diego, California. Other marine 
localities in about the same latitude are Charleston, South Carolina, 
the Bermuda Islands, the Madeira Islands, Alexandria (in Egypt), 
and Shanghai, China. Very little study has been made of either 
marine or fresh-water plankton in or near this latitude, and there is 
practically no other series of collections of phytoplankton fairly com- 
parable with the one now under discussion. Hence it is necessary 
when comparing with other work to bear in mind the markedly 
different geographic conditions. The water temperature at the pier 
varies from about 13° C. in January to about 23° C. in August. 
Water at the outer end of the pier is about 27 feet deep at high tide. 


EQUIPMENT AND METHODS 


I have in preceding papers (Allen, 1921 6 and c) made brief 
statements concerning our standardized methods of collecting and 
handling material; those who desire more detailed information may 
obtain it by writing to The Director, Seripps Institution for Bio- 
logical Research of the University of California, La Jolla, California. 


THE MATERIAL 


Marine phytoplankton in temperate regions consists mainly and 
essentially of diatoms and dinoflagellates. The material obtained at 
our pier is typical in this respect. It is all microseopie. 


GENERAL Discussion 


The regular series of catches at twelve hour intervals was begun at 
8 A.M. on September 1, 1919. The new short net which was then put 
in use had been slightly shrunken and clogged by being used for 
making extra catches. In spite of this there was undoubtedly some 
loss of small forms through the meshes. 
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In most catches the living material consisted almost entirely of 
diatoms and dinoflagellates. There were times, however, when 
copepods, rotifers, and other very small animal forms were caught in 
considerable numbers. More rarely a few forms of various other 
kinds of microscopic plants were included. 

According to a policy already determined after experience with 
phytoplankton from offshore waters, attention was confined to diatoms 
and dinoflagellates because their-small size, large numbers, rapidity 
of growth, facility of multiplication, wide distribution, cosmopolitan 
character, and synthetic powers give them superior value as indicators 
of environmental conditions, mark them as the most favorable objects 
for quantitative study, and distinguish them as the most easily and 
continuously accessible of all marine organisms. 

The distributional interrelationships of the two groups show many 
points of interest for which there are as yet no adequate grounds of 
discussion. This lack need not, however, invalidate tentative state- 
ments concerning them. 

First, in making microscopic examination of the material I gained 
the impression that when diatoms were exceedingly abundant, dino- 
flagellates were rare, and vice versa. Hence I have earlier called 
attention to my belief in the possibility that the two groups are to 
some extent mutually exclusive of each other. It is still an open 
question whether this amounts to anything more than the commonly 
observed fact that excessive abundance of one group of organisms 
tends to reduce or exclude certain other groups. In fact, it is quite 
possible that many cases of apparent reduction of one under 
dominance of the other were merely apparent because dilutions for 
counting the abundant form rendered the other inconspicuous. 

Both groups show rhythms and pulses of production which are 
more or less evident in each month of the year although. of course, 
the species concerned in the pulses vary according to season. It is 
rather difficult to define a pulse, but for present purposes I am 
arbitrarily assigning the term to a marked increase in numbers which 
extends over a period of three or more days before decreasing to or 
near the numbers found at its beginning. Of pulses in this arbitrary 
sense there were five for diatoms and four for dinoflagellates in the 
last four months of 1919 at our pier. The diatom pulses were un- 
evenly distributed, two occurring in September, none in October, one 
in November, and two in December. The dinoflagellate pulses had 
similar distribution by months except that there was only one in 
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December. A diatom pulse at the middle of September was 
almost precisely coincident with a dinoflagellate pulse and there was 
partial coincidence of pulses of the two groups just after the middle 
of December. The fact that out of four chances for coincidence there 
were two close approximations to coincidence of pulses gives strong 
indication that both groups of organisms are often favored by the 
same stimuli to production, hence the idea that they may be mutually 
exclusive may seem unwarranted. 

But an examination of the evidence from swarms shows other 
possibilities. A swarm may be arbitrarily defined for present pur- 
poses as a close aggregation of relatively large or even vast numbers 
of organisms of a certain group. Although what I have called a pulse 
may be (at least in some cases) due to the slew drift passing of an 
enormous swarm which occupies an area of several miles, I think we 
may confine present discussion to evidence of small swarms. This 
evidence consists merely in a conspicuous large catch. found between 
much smaller catches, mostly less than one-third as large. Swarms 
identified in this way were, as might be generally expeeted, much 
more numerous than pulses in spite of the fact that nearness to shore 
made it probable that many swarms would be dispersed by the great 
disturbance in shallow waters. In the four months there were fourteen 
swarms of diatoms and fifteen swarms of dinoflagellates. Out of the 
fourteen chances for coincidence of swarms of the two groups only 
four actually occurred, a fact which might lead one to think the two 
eroups somewhat deterrent to each other. 

Not only does the evidence of pulses and swarms raise some in- 
teresting questions as to the interrelationship of the two great groups 
of synthetic organisms; it also has direct bearing on the perennial 
postulate that marine organisms are uniformly distributed through 
considerable areas of marine waters. The occurrence of pulses and 
swarms such as those just mentioned certainly tends strongly to 
contradict this assumption. 

Further evidence tending to such contradiction appears in what, 
for lack of a better term, I may eall skips. In the present connection 
a skip means a single strongly marked reduction in numbers in a way 
similar to that in which a strong increase is considered to indicate a 
swarm. In the four months, diatoms showed ten skips and dino- 
flagellates five, no two of which coincided. Surely a marked lack of 
organisms in a catch as compared with a catch twelve hours before 
and another twelve hours after gives good reason to suspect that 
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differences in distribution occur without appreciable difference in 
immediate environmental conditions. ; 

Another point of interest concerns the relative amounts of morn- 
ing and evening catches. In the following table, record is given 
merely of the number of times in the month that morning or evening 
catches were the larger. The results shown by this table have been 
checked up by a table showing the number of times in each month 
that a morning catch was higher or lower than both the evening catch 
preceding it and the evening catch following it, and by a similar table 
for evening catches. The substantial agreement in the three tables 
makes it fair to state that this table correctly indicates distribution in 
morning and evening catches. 


MorRNING AND EVENING MAXIMA * 


Diatoms Dinoflagellates 
September September 
Maximaat8a.M.14(5catchesnearmean) Maximaat8a.m. 12 (3 catchesnear mean) 
Maximaat8p.m.16(4catchesnearmean) Maximaat8p.M. 18 (2 catches near mean) 


October October 
Maximaat8 a.m. 23 Maximaat8 a.m. 12 (1 catch near mean) 
Maximaat8p.m. 8(2catchesnearmean) Maximaat8p.m.19(2catchesnearmean) 
November November 
Maximaat8a.m. 24 (3catchesnearmean) Maximaat8a.m. 20 (3 catches near mean) 
MaximaatS8p.m. 6 Maximaat8 p.m. 10 (3 catches near mean) 
December December 
Maximaat8a.m. 13 Maximaat8a.m. 15 (5 catches near mean) 
Maximaat8 p.m. 18 (1 catch near mean) Maximaat8 p.m. 16 (1 catch near mean) 


It is very plain that no conclusions ean be drawn from evidence 
so limited and contradictory, but it may be permissible to make 
suggestions. It seems strongly probable that there is a tendeney to 
a diurnal rhythm in productivity, a rhythm which might be expected 
from what we know concerning fresh-water plants and land plants. 
If, according to such expectation, the phytoplankton is mainly active 
in photosynthesis by day and mainly active in growth and reprodue- 
tion by night, we should get the results shown for diatoms in October 
and November, i.e., larger numbers in the morning catches. 

Considering the multiplicity of factors involved, the large number 
of component species in the samples taken, and the variable speed and 
direction of water currents traversing the fixed point of collection, it 
is rather more surprising to find such a strong indication of rhythm 

*T.e., one catch larger than the other. In a few cases the differences in 


numbers were very slight, but usually there was considerable difference at 
the two times of day. 
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than it is to find the neutral or contradictory evidence of the other 
two months. Even the reverse showing of the dinoflagellates is 
suggestive of diurnal rhythm in that group, although it is character- 
istically more erratic in distribution than the diatoms. At any rate 
the records suggest possibilities which are very interesting and which 
certainly open up a wide field for investigation. 

In closing this general discussion of the material, I would remark 
that in the study of these two groups it was soon found that relatively 
few species showed marked prominence at any time, and that very 
few species had such prominence either frequently or continuously. 
Fortunately, most of these species can be satisfactorily identified 
under ordinary conditions of study. 

A table giving the total numbers of phytoplankton cells per liter 
in all catches throughout the four months is given on pages 346-347. 


Detramrep Discussion 
DIATOMS 


Throughout most of the year and in most localities diatoms are 
both numerically and volumetrically the most prominent photo- 
synthetic organisms in the open sea. The records for this four month 
period show characteristic conditions in this respect, November being 
the only month in which dinoflagellates appeared in superior numbers 
for the month as a whole. 

Except for four catches in early September diatoms were always 
found to be present, though often in very small numbers. Since it is 
probable that larger samples would have revealed some in the four 
catches in which they were found lacking, it may be safely assumed 
that some diatoms might have been found at any time in the whole 
period. 

Distribution of diatoms throughout the period was quite irregular, 
the most remarkable feature being very high productivity in the last 
three weeks of September following a season of extremely scant pro- 
duetion and preceding a time of very light production. The accom- 
panying graph (fig. 1) giving production in terms of averages of five 
day periods shows this condition with astonishing clearness. The areas 
filled in solid black indicate the relative size of average numbers 
found in each five day period. 

In a general way the distribution agrees with that reported for 
the last four months of the year in other localities, both marine and 
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fresh water. It therefore seems certain that, considering the group 
as a whole, we have in this case a normal seasonal sequence. It is not 
so certain that the production of species or even genera involved 
follows any established course at least so far as has yet been detected 


or predicted. 
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In connection with the high productivity so suddenly appearing in 
September, I was very much interested to note that for two or three 
days previously there had been rather strong and constant currents 
from the north. Also, large numbers of mackerel came to the region 
of our pier in the latter part of August and left as high production 
of diatoms began. Whether these facts were simply coincidences or 
whether they had significant relationshiv to increased diatom produc- 


tion I do not have means of knowing. 
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Although all other production was very inconspicuous as com- 
pared with the September maximum there was a pulse covering 
two days, November 17 and 18, at one time, and another covering 
six days, December 17-23, at another time. Since there was little 
current recorded at the November pulse its abrupt increase of some 
fifteen-fold may simply indicate the presence of a swarm stranded 
in quiet waters. While the December pulse at its highest showed 
about the same increase in production, its development was much 
less abrupt and so was its disappearance. In this case also the 
currents recorded. were weak and the difference in development as 
compared with the November pulse might be considered due to 
relatively rapid production induced by some favorable local factor or 
favorable change in the factorial complex. 

Forty-six forms of diatoms are listed as occurring within the four 
months in sufficient numbers to deserve separate mention. Of these 
only twelve had specifie characters sufficiently marked to make 
identification easy. Fourteen could sometimes be satisfactorily 
identified and usually approximated, i.e., confusion was limited to 
only one or two other forms. Of the other twenty, some were always 
doubtful and others were simply grouped under the genus name 
because of small numbers or great uncertainty of identification. 

The Chaetoceras genus offers most constant difficulties of this sort 
on account of its constant representation and on account of the fact 
that many species characters are based on conditions at sporulation 
or on terminal setae which may be missing. It is also true that many 
Chaetoceras chains are more or less twisted in form and that they 
lodge in all sorts of positions in the counting cell. Identification 
might be possible with unlimited time and effort, but it is not 
practicable to insure accuracy under counting conditions. Some 
Chaetoceras species could not be identified because of small size, as 
was also true of diatoms in other genera. In the main, however, the 
more important forms numerically in this series of catches were at 
least approximately identified as to species and almost all were 
correctly placed as to genus. 

By selecting in each month the five species which showed the 
highest averages it is possible to get a good general idea of the 
character of the main diatom population throughout the four month 
period. Eleven forms are recorded in the highest five in one or more 
months. Chaetoceras sp. appears in this list in all four months, 
Chaetoceras curvisetum Cleve in three months, Chaetoceras debile 
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Cleve in three months, Dactyliosolen tenuis Cleve and Nitzschia seriata 
Cleve in two months, and the following in one month: Chaetoceras 
decipiens Cleve, Chaetoceras didymum Ehr., Leptocylindrus danicus 
Sehiitt, Rhizosolenia alata Btw., Skeletonema costatwm Grev., and 
Nitzschia pungens Grun. 

Certain forms which were originally recorded while counting have 
been omitted from the tables for one or more months because of small 
numbers or questionable identification. Their numbers have, however, 
been included in the total diatoms. These include Amphiprora alata 
Kiitz., Asterionella japonica Cl., Bacillaria paradoxa Gmel., Bacteri- 
astrum varians Laud., Biddulphia longicruris Grey., Cerataulina 
bergonu Perag., Chaetoceras ralfsii Cl., Climacosphenia moniligera 
Ehr., Corethron criophilum Castr., Ditylium sp., Eucampia zoodiacus 
Ehr., Grammatophora marina Lyngb., Hemiaulus heibergivi Cl., 
Lauderia borealis Gran, Leptocylindrus danicus Cl., Licmophora 
lyngbyet Kiitz., Lithodesmium undulatum Ehr., Melosira sp., Nitzschia 
closterium W. Sm., Nitzschia sp., Rhizosolenia faeroensis Ost., 
Rhizosolenia hebetata Bail., Rhizosolenia obtusa Hensen, Rhizosolenia 
robusta Norm., Rhizosolenia setigera Btw., Rhizosolenia styliformis 
Btw., Stephanopyxis palmeriana Grun., Surirella sp., Thalassiosira 
baltica Grun., Thalassiothrix longissima Cl.-Gr., and Thalassiothriz 
nitzschiodes Grun. 

For similar reasons a number of species originally listed have been 
grouped together in their genera or under a loosely applied species 
name. This is especially true of some forms in Chaetoceras, Bid- 
dulphia, Coscinodiscus, and Rhizosolenia genera. 

Gran’s paper (1908) has been most helpful in identifications. 


SPECIES OF DIATOMS 


For economy of space I shall confine discussion mainly to the 
eleven species represented in the lists of the five species most abundant 
in one or more months. These are distributed unequally among six 
genera listed in alphabetical order as follows: 

Chaetoceras.——This genus had relatively high numerical repre- 
sentation in every month. It was responsible for the high records of 
production in September, when several species far outnumbered 
representatives of any other genus. No large Chaetoceras forms were 
present and some were very small. Even so, the genus appears to be 
more productive than other diatom genera in volume as well as in 
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numbers. Roughly, it may be said to be the most important genus of 
planktonie diatoms. 

Chaetoceras curvisetum Cl—-Frequently confused in our records 
with Ch. debile Cl. I have not found any satisfactory way to dis- 
tinguish the two forms while counting. When possible. segregation 
has been made according to Gran’s (1908) suggestion that interspaces 
between the cells are biconvex in Ch. curvisetum and rectangular in 
Ch. debile. Sometimes one and sometimes the other is very abundant 
and both are very commonly found in our waters. Segregation is 
attempted merely because the records, though imperfect, may some- 
time show some value. 

In September the species reached a maximum of 276,000 per liter 
at 8 p.m. on the 14th. It was missing entirely from many catches 
before the 11th but showed a very strong and even development of 
production after that date until the maximum was passed, when the 
numbers gradually decreased. Average production for the month was 
32,089 per liter. These numbers refer to cells. On account of 
curvature of the chain of cells exact enumeration was often impossible 
but the approximation is usually close. This species was frequently 
missing in catches in the other three months and it is quite evident 
that its abundance in September was due to a favorable combination 
of environmental factors. 

Chaetoceras debile Cl. has a record of distribution and of appear- 
ance markedly similar to that of Ch. curmsetium Cl., and there is little 
to say about it at present. Maximum production of 81,000 per liter 
was reached at 8 P.M. on September 17. 

Chaetoceras decipiens Cl. was not always clearly identified. Shape 
of cells and of interspaces varied greatly and the typical form was 
rarely seen. Basal fusion of the setae was the characteristic relied 
upon for recognition and even it was sometimes questionable. 
Numerous gradations between the typical form and some which were 
otherwise scarcely recognizable were often found on the same slide. 
Representation in September as well as in other months was rather 
irregular, the maximum, 27,200, being reached on September 26 at 
8 P.M. in a poorly developed three day pulse. Ch. decipiens was 
entirely missing through two-thirds of October and a large part of 
November. When present in the last three months of the year 
representation was light. 

Chaetoceras didymum Ehr. was never very prominent in any 
catches, although its identity was probably often overlooked. Its 
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characteristics are somewhat variable, especially as to general appear- 
ance of the chain and of the setae. It was probably confused some- 
times with Ch. constrictum Gran and some other forms. Its maximum 
was reached on September 16 at 8 A... in a catch numbering 14,800, 
the average for the month being 1674. It is not recorded after the 
middle of October. 

Chaetoceras sp. is a eatehall for a large number of species difficult 
to identify, or rare. In the four months under consideration its main 
components were small forms with poorly marked characters, of which 
Ch. affine Laud. was probably most prominent. Numerically and 
probably volumetrically this assemblage was distinctly the most 
important of the diatoms in September, October, and December. The 
maximum, 339,376, was recorded for September 24, 8 p.m., and there 
was an average for that month of 90,069 per liter. High production 
of this group began about September 11 and lasted almost a month. 
Its numbers in the catches then became very small until the latter 
part of November. While not very abundant, considerable numbers 
were found through most of December. 

Dactyliosolen was represented apparently by only one species, 
D. tenuis Cl., and identification in many cases was not very certain. 
It was fairly well represented in October and November, but very 
slightly in the other two months. Maximum, 5700 per liter, October 
21, 8 a.M., average in October, 1464. 

Leptocylindrus also showed only one species, Leptocylindrus 
danicus Schiitt. This form attained considerable prominence in late 
September and early October, but was almost or quite absent at other 
times. Maximum production, 17,600, was reached on October 6 at 
8 A.M. and the average in October was 2187. This form does not 
appear to be of great importanee in our region. 

The genus Nitzschia was probably represented by several species 
but only two attained much numerical importance. NV. seriata Cl. and 
N. pungens Grun. Their distribution as recorded was essentially 
similar and there were very many cases in which it was uncertain 
whether the specimen was rightly called N. pungens or whether it was 
merely a small specimen of N. seriata. Such cases. together with the 
similarity in distribution, lead one to think that perhaps the two forms 
may both be properly included under N. seriata. There is, however, 
some advantage in keeping the records separate, since a marked and 
fairly consistent deviation within the species may help to show the 
influence of certain environmental factors, such as temperature in 
relation to growth, shape, ete. 
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Nitzschia seriata Cl. is a very prominent diatom in this region. 
It may be found at any time of year though surface catches indicate 
that it is typically a winter or spring form. It has been found in 
large numbers in July and August in vertical tow net catches taken 
from two hundred meters to surface near Santa Cruz Island and in 
one or two other localities. This fact leads to the supposition that 
this as well as other forms of the phytoplankton may flourish at the 
surface in one season and at a lower level in another season. The 
largest catch of N. seriata in the four months was on December 22 at 
8 p.m. The number was 5900 per liter and the average for the month 
was 830. The maximum occurred in a well developed pulse which 
began on December 15 and ran ten days. 

As already stated, NV. pungens is often not readily distinguishable 
from N. seriata. Its occurrence in December was coincident with the 
latter in a pulse that ran the same course. The maximum was reached 
at 8 a.m. on December 20 in a catch of 7709 per liter and the average 
for the month was 831. 

The genus Skeletonema is represented in our catches by only one 
species, Skeletonema costatum Grey. Its numbers were few in Sep- 
tember and it was missing in October. Occurrence in November was 
very irregular, although it was conspicuous in a few catches just after 
the middle of the month. In December it appeared more regularly 
in the catches and reached a maximum of 4160 per liter on the 19th 
at 8 a.m. The average for December ecatehes was 919 per liter. 
S. costatwm is frequently found in our region and is probably an 
important general constituent of our phytoplankton. 

No other genera of diatoms reached much importance in the four 
months and there does not seem to be anything in records of their 
occurrence which is not in essential agreement with those of the 
genera just discussed. Evidently any peculiar significance which 
they may have ean only be determined by careful statistical analysis. 

One point, however, is clearly shown by detailed studies, i.e., that 
when there is a pulse of the highly productive forms there is also a 
pulse or marked increase in numbers of those forms of lower pro- 
duction and there is also an increase in the number of species and of 
genera represented. This also seems to be true to a lesser extent of 
swarms. Such facts naturally lead to the assumption that in a general 
way ecological conditions in the sea favorable to high production of 
diatoms affect a large number of forms in the same way. 
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DINOFLAGELLATES 


Although some dinoflagellates are nearly always present in 
plankton catches taken in the San Diego region, they are often very 
few, and they are rarely so numerous as diatoms. This deficiency 
in numbers is compensated to some extent by the fact that many 
prominent dinoflagellates are larger than any planktonic diatom cells 
and also by the fact that living substance constitutes a larger part of 
the cell body in dinoflagellates than it does in diatoms. But even 
when we accept the statement made by Johnstone (1908, p. 192) that 
one peridinian contains as much dry matter as twelve diatoms, it still 
appears that dinoflagellate production over long periods of time is 
distinetly less than diatom production, volumetrically as well as 
numerically. As to the four months new under discussion, however, 
we may note that although dinoflagellates were found in distinctly 
greater numbers than diatoms only in November, in October and 
December their numbers were one-eighth and one-fourth as great, 
respectively, as those of diatoms, which according to the ratio men- 
tioned by Johnstone would indicate that they were volumetrically 
more important than diatoms in three months out of the four. 

At least a few dinoflagellates were present in every catch made at 
this time. Their distribution was somewhat irregular though not so 
markedly so as that of the diatoms. The extremes were not so great 
and the representation was more constant in spite of the generally 
smaller numbers. This, however, was offset to some extent by the 
more frequent and sudden changes in numbers (fig. 2). In figure 2 
the areas filled in solid black indicate the relative average numbers 
found in each five day period (including ten catches), except in 
October and December where the last period consists of six days with 
twelve catches. 

The general features of. distribution in the four months seem to be 
essentially similar to those of distribution reported for other localities. 
As in the ease of the large diatom pulse in September, the largest 
dinoflagellate pulse, which came in November, was preceded for a day 
or two by strong currents of water from the north and was also 
accompanied by moderate currents from that direction. While it is 
not probable that these currents flowed continuously in the one 
direction, it is probable that the main shift of the water mass was that 
way. A successful recording apparatus for water currents was put 
in operation at one time by our hydrographer, Dr. G. F. McEwen, but 
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no means was found to protect it from rough seas and it was only in 
operation for a short time. For that reason records of currents are 
made from observations at times of taking catches. 

Thirty-seven forms of dinoflagellates are listed as occurring within 
the four months in sufficient numbers to deserve separate mention. 
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Of these only eight had specific characters sufficiently well marked to 
make identification easy. Twelve forms could be sometimes satisfac- 
torily identified and usually approximated, i.e., confusion was limited 
to only one or two other forms. Of the other twenty-five, some were 
always doubtful and a few were simply grouped under the genus 
name because of small numbers or uncertainty of identification. 
There was more or less difficulty in identifying species in all genera. 
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There was not often any difficulty in identifying the genus to which 
a specimen belonged. Identification was usually fairly satisfactory in 
ease of the forms which appeared to be numerically important. 
Certain errors in identification of species on account of the position 
of the specimen in the counting cell were no doubt frequent. 

As in the ease of diatoms it seems possible to get a fair general 
idea of the dinoflagellate population in a month by selecting the five 
showing higher numerical averages for the month. In a list thus 
selected four species appear throughout the four months, Ceratiwm 
furea (Ehr.), Dinophysis homunculus Stein, Gonyaular polyedra 
Stein, and Prorocentrum micans Khr.; all are, in most cases, easily 
identified. Of the two other species listed in the first five, Ceratiwm 
fusus (Ehr.) appears in three months and Peridinium divergens Ehr. 
im one. 

Certain forms which were originally recorded while counting have 
been omitted from our final tables for one or more months because of 
small numbers or questionable identification. Their numbers have, 
however, been included in the total dinoflagellates. The names are 
Ceratium arcticum (Ehr.), Ceratium breve (Ost. & Sech.), Ceratium 
gallicum Kof., Ceratiwm macroceros (Bhr.), Ceratiwm pennatum 
Kof., Ceratium pentagonum Gour., Ceratium tripos (O. F. M.), 
Dinophysis acuta Ehr., Dinophysis hastata Stein, Dinophysis ovata 
Clap. & Lachm., Gymnodinium sp., Noctiluca miliaris Surir., Oxytorum 
scolopax Stein, Phalacroma rudgei Murr. & Whitt., Phalacroma rapa 
Stein, Peridinium grani Ostf., Peridinium pellucidum (Bergh), and 
Pyrocystis lwnula Schutt. 

A number of species originally listed have been grouped together 
in their genera or under a loosely applied species name for similar 
reasons. This is especially true of some forms in Ceratium, Dino- 
physis, Gonyaulax, and Peridinium. 

Paulsen’s paper (1908) has been most useful in identifications. 

For economy of space, detailed discussion of species of dinoflagel- 
lates is omitted from this paper. Kofoid’s careful studies (Kofoid, 
1907 a and b and 1911) have given much more knowledge of the 
members of this group than is the case with diatoms, 
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CONCLUSION 


Since the work of 1920 and 1921 has been a direct extension and 
expansion of the work in 1919 it is scarcely desirable or appropriate 
to attempt to state very much in the way of general conclusions in this 
immediate connection. Such a statement can be more satisfactorily 
attempted after study of the records for one or more years. 

Meanwhile, however, one or two points may be noted to advantage: 

First, the measured water method seems to be by far the best for 
a standard method and the surface level the best for a standard level 
of collecting. At the time of this writing, May 26, 1921, we have 
given a continuous trial to this plan of procedure over a period of 
twenty-one months at our pier and fifteen months at another. In 
addition we have used it on various boats and now have it in operation 
at three other piers. “From such experience we are convinced that 
it is the only method affording an adequate basis for expansive 
quantitative work on the phytoplankton as distinguished from the 
elementary, superficial work permitted by any tow or haul net method. 

Second, it appears probable that water currents have very pro- 
nounced influence on phytoplankton production. 

Third, when conditions for production are highly favorable in our 
area, there is evident response by large numbers of phytoplankton 
organisms frequently of both dinoflagellates and diatoms. 

Fourth, conditions of occurrence suggest the probability that cer- 
tain common forms of wide distribution, such as Nitzschia seriata Cl. 
and Prorocentrum micans Ehr., may serve well as indicators of certain 
general conditions of the ecologic complex while some less abundant 
forms, such as Asterionella japonica Cl. and Dinophysis homunculus 
Stein, may prove to be excellent indicators of more specifie conditions 
in the ecologic complex. 

Lastly, it is evident that the problems of the ecologic complex of 
the sea are fascinating as well as intricate and baffling; e.g., was the 
big diatom pulse in September due merely to the transfer into our 
area of a seed bed of diatoms which had developed farther north? 
Or was it due to removal of predatory copepods by the small fish 
which the mackerel chased in? Or was it due to the high increase in 
carbon dioxide and nitrogenous materials resulting from the presence 
and activity of unusual quantities of fish? Or was it due to a com- 
bination of all these, with a thousand other influences, the resultant 
of all of which was good? 
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TOTALS OF PHYTOPLANKTON. 


[ Von. 22 


NUMBER CELLS PER LITER 


Pier series. 8 A.M. and 8 P.M. September to December, ine., 1919 


Scripps Institution for Biological Research, University of California 
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September 


5,522 
1,148 
6,614 
3,288 
4,628 
6,216 

16,444 
6,096 
6,904 
1,804 

480 
276 
172 
392 
360 
1,048 
864 
1,718 
1,402 
1,348 
4,380 

15,608 

105,328 

58,392 

135,904 

169,296 

279,376 

367,232 

450,912 

471,104 

279,160 

348,640 

384,960 

485,240 

333,120 

183,440 

129,920 

200,280 

103,584 

161,280 

153,888 

96,960 

174,832 

196,592 

104,528 

260,464 


October 
214,480 
154,352 
74,624 
59,872 
48,624 
56,936 
45,480 
32,712 
27,726 
51,504 
33,200 
48,008 
26,800 
28,904 
26,640 
10,608 
7,288 
5,944 
5,280 
3,040 
6,160 
8,084 
6,928 
6,424 
2,184 
1,868 
1,532 
2,956 
1,872 
3,080 
2,708 
4,864 
5,180 
1,872 
7,908 
7,000 
5,340 
6,232 
8,468 
3,192 
8,852 
1,796 
6,616 
2,088 
15,496 
2,244 


November 
4,036 
6,960 
5,092 
3,344 

10,344 
4,160 
8,216 
3,012 
2,548 
1,224 
1,796 
1,264 
1,224 

952 
1,148 

784 
1,868 
2,640 
3,236 
4,080 
7,860 

16,856 

11,952 
6,484 

37,816 

29,736 

27,728 
9,692 
9,428 
8,680 
8,620 
5,040 

33,372 

43,376 

56,116 

11,744 

17,164 
3,992 
4,712 
7,756 
8,360 
2,700 
2,450 
4,160 
4,424 
2,216 


December 
5,616 
5,644 
6,236 

14,416 
11,520 
18,192 
9,504 
800 
1,824 
2,076 
2,364 
3,488 
1,492 
1,732 
868 
1,856 
1,184 
1,496 
2,008 
772 
1,760 
1,720 
2,304 
936 
1,348 
780 
2,816 
6,808 
13,312 
7,668 
6,228 
8,216 
11,484 
16,684 
18,620 
23,904 
23,460 
34,180 
45,572 
36,512 
25,976 
34,836 
24,944 
32,304 
17,172 
14,284 
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TOTALS OF PHYTOPLANKTON. NUMBER CELLS PER LITER—(Continued) 


Date MWour September October November December 
24. 8 A.M. 185,312 6,140 6,304 14,112 
8 P.M. 340,784 2,136 6,292 16,824 
25. 8 A.M. 270,448 3,380 1,344 5,764 
8 P.M. 233,888 4,140 1,980 10,352 
26. 8 A.M. 132,928 5,340 1,876 3,088 
8 P.M. 130,624 3,228 2,952 3,464 
27. § A.M. 265,024 5,828 1,528 3,680 
8 P.M. 160,400 3,232 2,208 1,520 
28. 8 A.M. 115,904 3,396 2,184 3,136 
8 P.M. 49,664 3,808 15312 3,016 
29. 8 A.M. 65,408 10,504 2,984 824 
8 P.M. 89,792 5,192 1,976 1,624 
30. 8 A.M. 254,224 4,624 6,528 1,160 
8 P.M. 103,904 3,128 3,432 744 
ley isi ee Niece Ns Beseasenenee 3,720 aes etecen 744 
SP Ay ee Leas ete 4,208 ee 568 
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INTRODUCTION 


Teredo navalis inhabits a very wide range of salinities. In 
Holland (Vrolik, et al., 1860-1864; Van Oordt, et al., 1865) these 
borers were found at points practically exposed to the open sea at 
Vlissingen on the North Sea at the mouth of the Schelde River, where 
the salinity remains near 30 parts per 1000, and at Harlingen on 
the Zuider Zee, where the salinity ranges between 20 and 30 parts 
per 1000. They also inhabit the brackish waters of the Ij near 
Amsterdam, where the salinity falls as low as 6 parts per 1000. In 
San Francisco Bay (Kofoid, 1921-1922) Teredo navalis was estab- 
lished by the autumn of 1920 not only in the more saline waters at 
Goat Island and along the San Francisco waterfront, but also in the 
brackish waters of Carquinez Straits and the Delta of the San Joaquin 
River. 

Barrows (1917) deseribed the initial infection of the Mare Island 
dikes and other structures at the head of San Pablo Bay in 1912— 
1913 by a species of Teredo identified at that time by Bartsch as 
T. diegensis, which was undoubtedly 7. navalis. Since that time 
Teredo has spread rapidly into the fresher waters of Carquinez 
Straits (Kofoid, 1921) and upstream as far as Antioch on the San 
Joaquin River, twenty miles from San Pablo Bay and fifty from the 
Golden Gate. 

In the region of Carquinez Straits and upstream from this point, 
the salinity of the water is subject to great changes, varying with 
tides and with seasonal fluctuations of the discharge of the San 
Joaquin and Sacramento rivers. The seasonal variation of the 
salinity is of great importance with regard to the distribution of the 
borers, as at some points the salinity is high enough for their survival 
only during certain months. Thus, although the borers were able to 
establish themselves above Carquinez Straits during the summer and 
fall months when the rivers were low and the salinity comparatively 
_ high, they were nevertheless killed off there during the winter and 
spring months of extreme run-off and low salinity. The critical point 
seems to be at Carquinez Straits. There, in some years, the salinity 
is lowered sufficiently to kill off at least a large proportion of the 
teredos, while, in other years, it remains high enough to allow nearly 
a total survival. 
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The chief aim of the present investigation has been to determine 
the lethal, or death producing, salinity for this species of borer and 
the period of survival in various salinities. 

This work has been carried on as a phase of the investigations of 
the San Francisco Bay Marine Piling Committee, the particular 
investigation being made possible by the kindness of the California 
and Hawaiian Sugar Refining Corporation, who have provided the 
experiment station and laboratory facilities. I wish here to 
acknowledge the kind assistance of Mr. A. A. Brown, Construction 
Engineer for the above corporation, and the invaluable advice and 
supervision of Professor Charles Atwood Kofoid of the University of 
California. 


MerrHops AND EQuirpMENT 


The study of various factors affecting Teredo navalis. was carried 
on at the temporary experiment station on the dock of the California 
and Hawaiian Sugar Refinery at Crockett, California. This station 
included ninety individual aquaria, which were constructed from 
wooden buckets of about two and one-half gallon capacity, each 
equipped with a bar and wedge for holding the specimen in place 
(fig. 1). The specimens used were sectors cut from sections of teredo- 
infected piles; they were eight inches in leneth and three to four 
inches in width across the outer or curved surface of the pile. <A 
supply of sea water was provided by pumping water from the straits 
into two 10,000 gallon wooden storage tanks. Fresh water was 
obtained from the supply of the California and Hawaiian Sugar 
Refinery. This supply was obtained from surface water at Carquinez 
Strarts and the Sacramento River at the time these experiments were 
conducted, and was subjected to treatment with aluminum sulfate and 
to mechanieal filtration prior to our use of it. A maximum of 10 
parts per 100,000 of sodium chloride is allowed in this water before 
treatment. The water of various salinities used in the following 
experiments was obtained by diluting the stored water from the 
straits with fresh water from the supply. 

The measure of salinities used is based on determination of chlorine 
by titration with silver nitrate, the total salinity in parts per 1000 
being obtained by reference to the international hydrographic tables 
(Knudsen, 1901). The formula on which these tables are based is 
S = 1.8050 Cl-+ 0.030. This method of determining salinity is the 
one used by the San Francisco Bay Marine Piling Committee (Kofoid, 
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1920) in investigations on teredos and other marine borers. It gives 
approximately the proportion of ocean water in straits water, but 
includes also the saline content of the stream and seepage water. Such 
a standard may allow a small error when used as a measure of actual 
physiological properties of sea water, particularly in Carquinez 


Fig. 1. Diagram of aquarium used in Teredo experiments. 
A, wedge for holding specimen block. 


Straits where great amounts of river water are present during several 
months of the year and various sources of industrial pollution are 
probable. It serves as a convenient standard, however, and the actual 
error is probably not.greater than other experimental errors. All 
references to salinities are based on this method of determination. 
The teredos used in the following experiments were obtained from 
piles pulled from the docks of the Sugar Refinery at Crockett. This 
form was determined as T'eredo navalis by Kofoid (1921 and 1922). 
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OBSERVATIONS 
Errect oF Low Sainitry 


Decrease in activity—In considering the effect of reduced salinity 
on the activity and function of Teredo navalis a brief résumé of the 
normal mode of life of the organism is necessary. In the adult stage, 
the teredo is established in a long, slender burrow which it has drilled 
into a pile or other wooden object. The maximum size of the burrow 
is about five-sixteenths inch in diameter and twelve to sixteen inches 
in length. It is lined with pearly nacre except at the inner end in 
the region of the shell where boring activity goes on. The outer end 
of the burrow tapers to a minute opening through which two siphons 
are extended for the purposes of obtaining water containing food 
material and of ejecting excreta and wood chips resulting from boring 
activities. By means of these siphons, water is constantly circulated 
through the mantle cavity and burrow. The siphons are normally 
very sensitive and are quickly retracted when touched by a solid 
object. The organism is equipped at the siphonal end with a pair of 
small wedge-shaped pallets with which it may effectively plug its 
burrow when the siphons are drawn in. It is thus able to prevent 
intrusion of other animals and to avoid adverse conditions in the 
water outside the burrow by blocking the entrance of such water into 
its burrow. 

When the salinity of the water becomes sufficiently low, the 
teredos draw in their siphons and plug up their burrows with the 
pallets. The point at which this oceurs may be considered as the 
salinity below which full normal functioning is impossible. The 
following experiments were performed to determine this salinity. 

Specimens were first acclimatized by placing them in standing 
straits water of 15 parts per 1000 salinity for two to four days. 
During this period a daily record was kept of the number of siphons 
extended from the specimen block, this number being taken as the 
original 100 per cent for the given specimen. The specimens were 
then changed to salinities of 0, 2, 4, 5, 6, 7, 8, 9, or 15 parts per 1000. 
A record was kept of the number of siphons extended from each 
specimen block during the periods of exposure (about three weeks) 
to these several lower salinities. Ten specimen blocks in individual 
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aquaria were used in determining the average per cent of siphons 
extended by the teredos for each salinity tested. The number of 
siphons extended from each specimen block was recorded each day for 
a period of days after an apparent maximum had been reached which 
did not fluctuate markedly. Low records during this period, accom- 
panied by unfavorable aquarium conditions, were discarded. These 
values were averaged for each specimen and the per cent of siphons 
extended was computed by comparison with the number of siphons 
originally extended from the same block in 15 parts per 1000 salinity. 
The average per cent for each salinity was computed from the average 
of the ten specimens. The per cent of siphons extended in 3 parts per 
1000 salinity was determined separately under similar conditions, but 
during a shorter period of exposure. 

The percentage of siphons extended from control blocks exposed 
during the experiment to a salinity of 15 parts per 1000—which should 
obviously be 100 per cent—was found to be only 92 per cent of that 
in earlier tests. If we assume that 8 per cent of the individuals were 
killed off by the conditions of life in the aquaria, we may raise all 
the values 8 per cent. This produces a curve represented by the 
dotted line in the graph (fig. 2) and is probably more typical than 
the curve obtained from the actual values computed from the records 
of the experiment without this correction. 

The individual values from which the percentages for the curve 
were computed show deviation of 15 per cent from the mean in some 
cases, and at best the curve is only an approximation of actual con- 
ditions. Had it been possible to use a salinity nearer the optimum 
for the organism (probably about 20 parts per 1000) in determining 
the 100 per cent value for the graph, the position of the curve would 
have been changed to some extent. The decrease in per cent of 
siphons extended, between 15 and 9 parts per 1000 salinity, is very 
slight, however, and it may be expected that the increase between the 
salinity of 15 parts per 1000 and the optimum will be correspondingly 
small. None of these deviations will greatly alter the shape or position 
of the curve. 

The curve indicates that the activity of the borers is nearly or 
quite as great in a salinity of 9 parts per 1000 as in higher salinities. 
In salinities below 9 parts per 1000, the per cent of functioning 
individuals becomes less, and decreases more rapidly as the salinity 
is decreased, until at 3 parts per 1000 there are no siphons extended. 
The curve descends rather gradually from 9 to 6 parts per 1000 and 
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then slopes abruptly down to 4 parts per 1000. This rapid decrease in 
the number of siphons extended in salinities below 6 parts per 1000 
indicates that, below this point, the vital functions are abruptly 
interfered with in a large number of individuals. 
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Fig. 2. Graph representing activity of Teredo navalis in water of 
various salinities. 


The reduction of activity in these lower salinities is also indicated 
by the cessation of boring activity. The degree of this activity was 
estimated from the amount of chips ejected which collected on the 
bottom of the aquarium. In the salinity of 7 parts per 1000 and 
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above, boring was found to be very active, in 6 parts per 1000 slightly 
less, in 5 parts per 1000 very rare, while in 4 parts per 1000 it was 
never observed in the aquaria. 

There was also an accompanying change in the sensitivity of the 
siphons, these retracting rapidly in the salinities of 6 and 7 parts per 
1000, moderately in 5 parts per 1000, and slowly in 4 parts per 1000. 
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Fig. 3. Graph representing length to which siphons of Teredo navalis 
are extended in water of various salinities. 


Again, there was a marked change in the length to which the 
siphons were extended, which is illustrated in figure 3. This curve 
shows a gradual decrease in the length of siphons, with decrease in 
salinity, the decrease per part per 1000 becoming greater as the 
salinity decreases. 

The lethal salinity—These observations indicate a general inter- 
ruption of function in salinities below 6 parts per 1000, while below 
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4 parts per 1000 there is little or no activity. We may expect that 
above this critical range (4 to 6 parts per 1000) the teredos are able 
to continue to live and function as regards salinity, while below this 
range the organisms will die if exposed long enough. The salinity 
below which the average individuals are unable to live may be called 
the lethal salinity. This salinity has been more accurately placed at 
5 parts per 1000 by the following experiments. 

Teredos were exposed by splitting away the outer surface of the 
specimen blocks and breaking away the thin shell around the pallets, 
so that the animals were unable to plug themselves up in their 
burrows: Individuals exposed in this manner lived for eleven days in 
slowly running water of 5 parts per 1000 salinity, after which time 
the results were obscured by fouling of the aquaria. The activity of 
these teredos as manifested by the sensitivity of the siphons at the 
end of this time was equal to that of specimens in 6 and 15 parts per 
1000 salinity, as is shown in table 1. 


TABLE 1 


ACTIVITY OF TEREDO NAVALIS, EXPERIMENTALLY EXPOSED, IN VARIOUS SALINITIES 


Salinity—parts per 1000 
Days 
0 1 2 3 4 5 6 15 
0 0 0 slow slow |moderate| rapid rapid rapid 
1 dead 0 slow slow |moderate| rapid rapid rapid 
2 dead slow slow |moderate| rapid rapid rapid 
3 dead 0 slow rapid rapid rapid 
4 Se he ; dead slow rapid rapid rapid 
5 slow rapid rapid rapid 
6 0 rapid rapid rapid 
7 dead rapid rapid rapid 
8 rapid rapid rapid 
9 rapid rapid rapid 
10 rapid rapid rapid 
11 rapid rapid rapid 


Individuals exposed to salinities below the lethal (5 parts per 
1000) were killed off very rapidly, as is shown in table 2. The 
criterion of death used in these experiments was the first appearance 
of degeneration of the tips of the siphons. As soon as this degenera- 
tion appeared, the specimen blocks were changed to water of 15 parts 
per 1000 salinity, but the animals never revived after this degenera- 
tion had begun. 
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Harrington (1920) reports experiments on the effect of low 
salinities upon the larvae of a teredo, probably T. norvegica. He 
shows that these larvae were able to survive for at least a short time 
in salinities as low as 10 parts per 1000, although swimming was 


TABLE 2 


SURVIVAL OF TEREDO NAVALIS, EXPERIMENTALLY EXPOSED, IN VARIOUS SALINITIES 


Salinity Days of Average temperature 

parts per 1000 survival in degrees C° Remarks 
0 1 17 2 determinations 
1 2 17 1 determination 
2 3 17 1 determination 
3 4 16 1 determination 
4 a 17 1 determination 
a Teredos still active at 
6 ae NG, 
is ke end of 11 days. 

15 Bree 17 : 


inhibited below 17.5 parts per 1000. No observations of this kind 
have been made on the larvae of 7. navalis. Sinee T. norvegica is 
usually found in open sea water (i.e., water of 35 parts per 1000 
salinity or thereabouts), however, it is probable that the larvae are 
less adapted to low salinity than are the larvae of 7. navalis, which 
inhabits brackish waters. It may be expected that the larvae of the 
latter form might be able to live in approximately the same salinities 
as the adult. 


NATURAL PROTECTION AGAINST UNFAVORABLE SALINITY 


Although teredos exposed by splitting away the block around the 
pallets were soon killed when placed in salinities less than 5 parts per 
1000 (see table 2), individuals in specimen blocks which had not been 
exposed in this manner lived for much longer periods in the same 
salinities. Table 3 gives the per cent of organisms surviving various 
periods of exposure to salinities of 0 and 2 parts per 1000. 

Table 4 gives comparative results from tables 2 and 3, showing 
that in the same salinities, unexposed teredos lived much longer than 
exposed individuals. The organisms therefore received some protection 
from their burrows, through their ability to prevent the entrance of 
water from the outside by plugging the burrow entrance with the 
pallets when the salinity of the water fell below the danger point 
(5 parts per 1000), and at the same time to retain a quantity of salt 
water within their burrows. 
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Factors limiting protection—We may expect that if the water 
within the burrow were diluted to a point much below the lethal 
salinity (5 parts per 1000) the teredos would be killed, since the 
animals die in a short time when directly exposed to water of less 
salinity. Such a process of dilution is indicated by the following 
experiment. 

TABLE 3 


SURVIVAL OF TEREDO NAVALIS IN STANDING WATER* OF LOW SALINITY IN AQUARIA 


Per cent of 
Salinityt siphons extended Remarks 
parts per 1000 Days exposed in sea water after 
this period 
0 7 100 
0 10 100 
0 15 50 
0 16 15 
0 18 30 
0 21 5 ; 
0 24 0 Result from 4 specimens 
2 13 100 
2 15 100 
2 18 100 
2, 21 33 Saicids 
2 22 32 Average of 3 specimens 
2 24 22 Average of 2 specimens 
2 26 0 


* Water renewed every two days by passing stream of same salinity through 
aquaria for a few moments. 

+ Specimens acclimatized in 15 parts per 1000, and changed directly to lower 
salinities. 


A specimen block containing teredos was removed from water 
of 15 parts per 1000 salinity and placed above water in a closed 
aquarium functioning as a moist chamber. In this way, evaporation 
of the water in the wood was restricted, but no dilution of the water 
in the burrows was possible. At the end of twenty-two days, the 
specimen block was placed in salt water and approximately 50 per 
cent of the original number of teredos extended their siphons. This 
was a greater survival than that in water of 0 and 2 parts per 1000 
salinity for the same period of time. Table 4 shows the survival 
periods under different experimental conditions. 
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Since at the end of twenty-two days a greater percentage of 
teredos survived in the block not directly surrounded by water than 
in the blocks exposed to water of either 0 or 2 parts per 1000 salinity, 
we may assume that in the latter case the water within the burrows 
was diluted by the fresh water from the outside. 


TABLE 4 


SURVIVAL OF TEREDO NAVALIS UNDER VARIOUS EXPERIMENTAL CONDITIONS 
IN AQUARIA 


Per cent of 

Conditions Salinity Days exposed individuals 

surviving 
Teredos exposed by cutting away mouth 0 1 0 
of burrow a Ae a eee eee ees 2 3} 0 
Unexposed teredo ee . 0 21 5 
2 22 32 

Unexposed teredo, block above water in 

Closed: aquantiminy ssc eat mene tee tees 22 50 


The process involved in this dilution of the water in the burrow 
is probably one of diffusion through the wood of the pile and perhaps 
between the pallets at the mouth of the burrow. It is also possible 
that the organisms may continue to draw in small quantities of water 
through their siphons, thus gradually diluting the water in the 
burrow; but this is not probable since it was found that teredos were 
killed more rapidly by running fresh water than by standing fresh 
water, which could hardly be explained by such a process. The above 
observation is more readily explained on the basis of diffusion, as the 
speed of this process would be increased by motion and change of 
water. The following experiment shows some results obtained with 
specimens in running water. 

A series of aquaria was arranged so that currents of water of three 
different rates of flow could be passed through them. The rates of 
flow were not accurately measured, but had the following relation: 
A>B>C. A was the discharge of a three-quarter inch pipe, 
C a flow of approximately five gallons per hour, and B intermediate 
between these currents. Specimen blocks containing teredos were 
exposed in these aquaria and in aquaria containing standing fresh 
water. Two other specimens were prepared from ordinary specimen 
blocks by covering the split surfaces and eut ends of the block with a 
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thin coating of paraffin. These specimens were exposed simultaneously 
with the untreated specimens in aquaria through which currents B 
and C were passing. All the specimens contained approximately the 
same number of live teredos at the beginning of the run. After 
seven days the specimens were changed to water of 15 parts per 1000 
salinity. Table 5 gives the approximate number of individuals 
surviving under the various conditions. 


TABLE 5 


SURVIVAL OF TEREDO NAVALIS IN RUNNING AND STANDING FRESH WATER 


Number of individuals alive at end of 7 days 
Rate of current* Mean temperature 
Cut surfaces Untreated in degrees C. 
paraffined 
A ne 0 19 
B ee 0 19 
Cc wise 30 16 
C ae 30 11 
still water : 50 8 
still water 7” 60 8 
B 15 ae 19 
C 30 16 
SAS Be>C: 


Table 5 shows that the survival was greater in standing water than 
in running water, and greater in slowly running water than in swiftly 
running water. Specimens having the cut surfaces protected by a 
coating of paraffin, and therefore having less surface exposed for 
diffusion of water, show a greater survival than untreated specimens. 
The explanation of the dilution of the water in the burrow by a 
process of diffusion through the wood accounts for the above results, 
since the rate of diffusion would be expected to increase with the rate 
of flow of the current. This would shorten the time necessary for 
dilution of the water in the burrow, a condition which would be 
followed by the death of the teredos. The speed of such a process 
would also be decreased by reduction of the surface of the specimen 
by covering the cut surfaces with paraffin. 

Table 3 shows that teredos lived longer in specimen blocks in 
water of 2 parts per 1000 salinity than in zero salinity. This may be 
due to the fact that diffusion takes place less rapidly between solutions 
nearer the same concentration than between solutions having a greater 
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difference of concentration. Thus the dilution of the water in the 
burrow would take place more slowly when the blocks were sur- 
rounded by water of 2 parts per 1000 salinity than when surrounded 
by zero salinity and the teredos would survive for a longer period. 

Teredos in the piles at Crockett have survived a greater period 
of low salinity during the past season than have the teredos under 
any conditions of low salinity in the aquaria (see tables 3 and 6). 
The short period of survival in the latter case may be due, however, 
to the greater relative surface exposed for diffusion in the specimen 
blocks than in piles. Besides having their cut surfaces exposed in 
most cases, these blocks were scrubbed free of barnacles and other 
marine growths which cover the exterior of all piles. Thus there was 
a relatively large surface exposed for diffusion, including the face of 
the block, the split surfaces, the open ducts of the wood at the cut 
ends, and the very large surface exposed by the opening up of many 
burrows in cutting the block. As is shown in table 5, more toredos 
survived low salinities when the cut surfaces of the blocks were 
covered with paraffin although this covering did not adhere closely 
in some places and was thus an imperfect seal. There must also be 
a slight leakage through the pallets although they fit tightly and form 
a very effective plug. 

At times during the period of low salinity at Crockett, when 
several piles were pulled at the same time from the same locality it 
was found that there was a marked difference in survival in teredos 
from different piles. With conditions apparently the same for all the 
piles, it seems reasonable to assume that the difference of survival 
was due to differences in the porosity of the wood in the piles, which 
would allow diffusion to take place more rapidly in some piles than in 
others. This phenomenon is difficult to account for in any other way. 

Although the above evidence is far from conclusive, the explana- 
tion given seems to be the only one which accounts for some of the 
phenomena observed. Hence it seems reasonable to assume that 
when plugged up in their burrows teredos are killed only by a gradual 
reduction in salinity of the water in the burrow, and that this process 
takes place by diffusion through the wood. 
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SURVIVAL PERIOD oR LETHAL STRETCH 


An explanation of the above process becomes important if we wish 
to predict the survival of teredos by observation of the salinity of 
the water from day to day. In a daily salinity record such as is 
represented by figure 4, periods of survival or lethal stretch must be 
measured as periods during which the salinity remains below 5 parts 
per 1000, as when the salinity rises above this point the teredos are 
able to take in a fresh supply of salt water. Fluctuations of salinity 
during such periods must influence the rate of dilution of the water 
in the burrow, but are of little importance in predicting the survival 
of the organisms. 

During the past season a daily record has been kept of the salinity 
of the water in Carquinez Straits. Samples have been taken during 
the day at high and low tide, from the surface and from a depth of 
fourteen feet. Samples have been taken at two points about one- 
eighth mile apart, as it was found that differences in the salinity at 
these two points oceurred frequently because of currents and eddies. 
In preparing the salinity graph, figure 4, the maximum and minimum 
records from all the samples for each day have been plotted. 


TABLE 6 


SURVIVAL OF TEREDO NAVALIS IN PILES AT CROCKETT DURING PERIOD oF LOW 
SALINITIES, SEASON OF 1921-1922 


Period of days below 

Per cent of 

Date pile was pulled individuals 

5 parts* 4 partst 3 partst surviving 

per 1000 per 1000 per 1000 

May. 13. ere 16 cere | a) ots 100 
IMisiy, 182.2..sccveceeecees sees 21 1 aatose 90 
June 5 : Sorina. es 39 19 9 50 
Pune Dee vances 46 26 16 40 
June 26.......... Aone dzesees 50 33 23 10 
TU yp 29 oe eee eee 58 33 23 10 


* Salinity remained below 5 parts per 1000 from April 26 to June 24. 
+ Salinity remained below 4 parts per 1000 from May 17 to June 19. 
¢ Salinity remained below 3 parts per 1000 from May 27 to June 19. 


Reference to figure 4 shows that during the past season (1921— 
1922) the salinity remained below 5 parts per 1000 from April 26 to 
June 24, below 4 parts per 1000 from May 17 to June 19, and below 
3 parts per 1000 from May 27 to June 19. 

Table 6 shows the survival of teredos in piles pulled from the 
fender lines at Crockett, at intervals during the period of low salinity. 
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It appears from table 6 that 10 per cent of the borers survived a 
stretch of fifty-eight days of salinity below 5 parts per 1000. During 
May, however, several peaks occurred which reached salinities of 
4 parts per 1000 or more (see fig. 4). 

Our experiments have indicated 5 parts per 1000 as the average 
lethal salinity, but it was also observed (fig. 2) that a small propor- 
tion of the organisms could extend their siphons and earry on their 
vital functions for some time in a salinity of 4 parts per 1000. It 
may be possible that this small proportion of the organisms are able 
to renew the water in the burrow when the salinity rises to 4 parts 
per 1000, and that this may account for the nearly 100 per cent 
survival of the organisms during the month of May (see table 6). The 
slight mortality during this time (May 13 to May 18, table 6) may 
have been due to the death of some of the weaker individuals. Since 
samples were not always taken at the major tide of the day, however, 
it is probable that the salinity may have reached 5 parts per 1000 on 
some of the days when our salinity record shows only 4 parts per 
1000. Thus it may be advisable to assume 4 parts per 1000 as the 
critical salinity in interpreting the results given in table 6. The 
real stretch seems to have occurred during the period when the 
salinity was below this point, since, in the piles examined, 50 per cent 
of the borers were dead at the end of nineteen days, 40 per cent at 
the end of twenty-six days, and 90 per cent at the end of thirty-three 
days. This corresponds more closely with some of the results obtained 
in the aquaria (see table 3). 

From this interpretation of the results an estimate of one and one- 
half months of a salinity below 4 parts per 1000 as the period required 
for the destruction of all the teredos seems reasonable. The borers 
are extremely resistant, however, and it may be that the greater period 
of fifty-eight days (recorded of a salinity below 5 parts per 1000) is 
not enough to exterminate them wholly. Estimates of the lethal 
stretch must be very conservative at present and only careful observa- 
tion for several vears can give reliable results. 

It may be noted that there was apparently no further mortality 
between June 26 and July 29, during which period the salinity was 
very frequently above 5 parts per 1000. 

During the years 1859-1869, Dutch investigators made observations 
upon Teredo navalis along thé coast of the Netherlands and in the 
Zuider Zee. Frequent records were taken of the salinity at various 
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points, and these are noted in a series of reports (Vrolik, et al., 1860- 
1864; Van Oordt, et al., 1865, 1869). From these records it appears 
that the lowest salinities occurred during the year 1861 at Niewendam 
on the Ij. During that year the salinity averaged 7.67 parts per 1000 
of sodium chloride (8.39 parts per 1000 total salts). The lowest record 
for the year was 6.17 parts per 1000 sodium chloride (6.74 parts per 
1000 total salts). In this year the salinity remained below 9 parts per 
1000 from May 1 to December 31, and during the year the borers were 
plentiful in the region. Teredo navalis has survived much lower 
salinities at Crockett than those recorded at Niewendam. It appears 
that the salinity was never low enough at the latter place to extermi- 
nate the borers, although it may have reduced their activity during 


certain periods. 


RESISTANCE TO SUDDEN CHANGES IN SALINITY 


Reference to figure 4 shows that the teredos at Crockett experi- 
enced many sudden changes of salinity prior to the long period of low 
salinities in May and June. Differences of four to six parts per 1000 
between the maximum and minimum salinities for the same day occur 
frequently. There was a drop of seven parts per 1000 on two days in 
December and in February a drop of thirteen parts per 1000 in three 
days. The borers survived all the changes which occurred prior to the 
prolonged period of low salinity in May and June. 

It has been observed, in the aquaria, that teredos which have been 
forced to plug up their burrows because of reduced salinity revive 
very rapidly when placed in salt water. One hour is generally sufficient 
for resumption of activity by all the living individuals, the siphons 
being extended and boring activity begun by the end of this time. 
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SUMMARY 


Experimental observations on the activity of Teredo navalis in 
various salinities, as manifested by the extension of the siphons, indi- 
cate that the organism is normally active in salinities as low as 9 parts 
per 1000, and below this point the activity decreases with decrease in 
salinity. Below a salinity of 7 parts per 1000, the proportion of active 
individuals decreases very rapidly until at 3 parts per 1000 no 
teredos are extending their siphons. 

The average lethal salinity for Teredo navalis has been determined 
experimentally as 5 parts per 1000. 

Teredos obtain some protection from water of a salinity below 
the lethal (5 parts per 1000) by stopping the mouth of the burrow 
with the pallets and thus preventing the entrance of water from the 
outside. At the same time, a supply of salt water is held within the 
burrow. It is probable that the salinity of this retained water is 
gradually diluted by diffusion through the wood and that the 
organisms are finally killed in this way. If, however, the salinity rises 
above 5 parts per 1000 before the salinity of the retained water 
becomes diluted enough to kill the organism, it will be able to obtain 
a fresh supply of water and survive for a longer period. 

A period of thirty-three days below 4 parts per 1000 salinity has 
destroyed 90 per cent of the teredos in piles at Crockett. Immedi- 
ately prior to the above period, an interval of twenty days below 
5 parts per 1000 salinity occurred, but the record shows frequent 
peaks of 4 parts per 1000 salinity or more during this interval. It is 
probable that the salinity actually rose to 5 parts per 1000 at some 
time during the days on which these peaks occurred, since the water 
samples were not always taken at the major tide. Thus it seems 
reasonable to measure the period of survival as the period below 4 
parts per 1000 salinity, i.e., thirty-three days. The period necessary 
to destroy the surviving 10 per cent of the organisms is impossible to 
determine definitely at present. 

Teredos show remarkable recovery from sudden changes of salinity 
in aquaria. They have also survived great changes in the salinity of 
the bay water during the past season. 


368 University of California Publications in Zoology [Vou. 22 


LITERATURE CITED 
Barrows, A. L. 


1917. An unusual extension of the shipworm in San Francisco Bay, Cali- 
fornia. Univ. Calif. Publ. Zoology., 18, 27-43. 


HARRINGTON, C. R. 


1922. ‘*Report of work done at the Marine Biological Station, Plymouth, 
July 1st to September 18th, 1920’’ in Deterioration of structures 
in sea-water. Second (interim) report of the Committee of the 
Institution of Civil Engineers. Department of Scientifie and 
Industrial Research (London, H. M. Stationery Office), pp. 35-43. 


Kororp, C. A. 
1921. ‘Biological phase—The marine borers’’ in Report on the San Fran- 
cisco Bay Marine Piling Survey, 1, 1-104, pls. 1-36, 1 map. Also 
in Proc. Ann. Meeting Am. Wood-Preservers’ Assoc., 17, 209-247, 
pls. 1-36, 1 map. 


Koro, C. A., AND MILLER, R. C. 
1922. Biological section. Report of the San Francisco Bay Marine Piling 
Survey, 2, 1-82, pls. 1-16. Also in Proc. Ann. Meeting Am. Wood- 
Preservers’ Association, 18, 327-350. 


KNUDSEN, MARTIN. 
1901. Hydrographische Tabellen (Kjébenhavn, Gad), v + 63 pp. 


SIcERFOosS, C. P. 


1908. Natural history, organization, and late development of the Tere- 
dinidae, or ship-worms. Bull. U.S. Bur. Fish., 27, 191-221, pls. 


7-21, 


VROLIK, W., et al. 


1860. Verslag over den Paalworm. Uitgegeven door de Natuurkundige 
Afdeeling der Koninklijke Akademie van Wetenschappen (Am- 
sterdam, Van der Post), pp. 1-158, pls. 1-3, tables 14. 

1861. Ibid., idem, pp. 1-20, tables 14. 

1862. Ibid., idem, pp. 1-16, tables 1+. 

1863. Ibid., idem, pp. 1-18, tables’ 14. 


VAN OorprT, J. W. L., et al. 
1864. Ibid., idem, pp. 1-87, tables 1+. 
1865. Ibid., idem, pp. 1-28, tables 1+. 
1869. Ibid., idem, pp. 1-28. 


UNIVERSITY OF CALIFORNIA PUBLICATIONS— (Continued) 


11. The Life Cycle of Hchinostoma revolutum (Froelich), by John C. Johnson. 
Pp. 338-388, plates 19-256, 1 figure in text. May, 1920 — 
12, On Some New Myriopods Collected in India in 1916 by C. A. Kofoid, by 
Ralph V. Chamberlin. Pp. 389-402, plates 26-28. August, 1920 ..... Gs 


18. Demonstration of the Function of the Neuromotor Apparatus in Euplotes 
by the Method of Microdissection, by Charles V: Taylor. Pp. 408-470, 
plates 29-33,.2 figures in text. October, 1920 2022.....eccccecce eect 

Index, pp. 471-480. 


Vol. 20. 1. Studies on the Parasites of the Termites, L On Streblomastiz striz, a Poly- 
mastigote Flagellate with a Linear Plasmodial Phase, by Charles Atwood 
Kofoid and Olive Swezy. Pp. 1-20, plates 1-2, 1 figure in toxt. July, 1919 

2. Studies on the Parasites of the Termites. II. On Trichomitus termitidis, a 
Polymastigote Flagellate with a Highly Developed Neuromotor System, 
by Charles Atwood Kofoid and Olive Swezy. Pp. 21-40, plates 3-4, 2 
PIPURCH ATE CO xb.) TUL) SOTO ee NE eee eS ee a BG ay 
8. Studies on the Parasites of the Termites. III, On Trichonympha campanula 
sp. nov., by Charles Atwood Kofoid and Olive Swezy. Pp.'41-98, plates 
b-125: 2 hgures im Cext.: smh y; L919 as see yr) eh ee ee 
4, Studies on the Parasites of the Termites. IV. On Leidyopsis sphaerica gen. 
Nov., sp. nov., by Charles Atwood Kofoid and Olive Swezy. Pp. 99-116, 
plates 13-14, 1 figurein text. July, 1919 2. 
5, On the Morphology and Mitosis of Chilomastiz mesnili (Wenyon), a Common 
Flagellate of the Human Intestine, by Charles A. Kofoid and Olive Swezy. 
Pp. 117-144, plates 15-17, 2 figures in text. April, 1920 oo. 
6. A Critical Review of the Nomenclature of Human Intestinal Flagellates, 
Cercomonas, Chilomastiz, Trichomonas, and Giardia, by Charles A. Kofoid. 
Pp.’ 145-168, 9 figures in text.: June, 1920-2. 
7. On the Free, Encysted, and Budding Stages of Councilmania lafleuri, a Para- 
sitic Amoeba of the Human Intestine, by Charles Atwood Kofoid and 
Olive Swezy. Pp. 169-198, plates 18-22, 3 figures in text. June, 1921... 
8. Mitosis and Fission in the Active and Encysted Phases of Giardia enterica 
(Grassi) of Man, with a Discussion of the Method of Origin of Bilateral 
Symmetry in-the Polymastigote Flagellates, by Charles A. Kofoid and 
Olive Swezy. Pp. 199-234, plates 23-26, 11 figures in text. ate 
1S 747 Races ar pod RS, SR ML, Tr a Sah eee MP a Sa SON LOR Bors Ch 
9. The Micro-Injection of Paramaecium, by Chas. Wm. Rees. Pp. 235- 249, 
STATES EO DEAR ks SN Sneha Md te cet NaS ee Chay at gees Set i ES Rae 58 
10. On Balantidium coli (Malmsten) and Balantidium suis (sp. nov.), with 
an account of their neuromotor apparatus, by J. Daley McDonald. 
Pp. 243-300, plates. 27, 28, 15 figures in text. May, 1922 00 
11. Mitosis in Endamoeba dysenteriae in the Bone Marrow in Arthritis de- 
formans, by Charles Atwood Kofoid and Olive Swezy. Pp. 301-307, 
7 figures in text, 
12, Endamoeba dysenteriae in the Lymph Glands of Man in Hodgkin’s Disease, 
by Charles A. Kofoid, Luther M. Boyers, M.D., and Olive Swezy. Pp. 309- 
312, 4 figures in text, 
Nos, 11. and 12 in one cover. April, 1922 o000.0.2.2 
13, Mitosis in the Hncysted Stages of Hndamoeba coli. (Loesch), by Olive 
Swezy: »Pp.313-332; plates 29-31. May, (1922/20 
14, The Neuromotor Apparatus of Paramaccium, by | Charles William Rees. 
Pp. 333-361; plates 32-36, 5 figures in text. November, 1922... 0000. 


Vol, 21, 1. A Revision of the Microtus californicus Group of Meadow Mice, by Reming- 
ton Kellogg. Pp. 1-42, 1 figure in text. December, 1918 2.2. 

2. Five New Five-toed Kangaroo Rats from California, by Joseph Grinnell. 
Eis S5-490) Maren LOVG Miri shia Bid ta ME lng A asin er sea fad Teck Cas Th 

3. Notes on the Natural History of the Bushy-tailed Wood Rats of California, 
by Joseph Dixon. Pp. 49-74, plates 1-3, 3 figures in text. December, 1919 

4, Revision of the Avian Genus Passerella, with Special Reference to the Dis- 
tribution and Migration of the Races in California, by H. S. Swarth. Pp. 
75-224, plates 4-7, 30 figures in text. September, 1920 WW... = 

6. A Study of the California Jumping Mice of the Genus Zapus, by A. Brazier 
Howell. Pp. 225-238, 1 figure in text. May, 1920 2.00 au 


25 


25 


+75 


UNIVERSITY OF CALIFORNIA PUBLICATIONS—(Continued) 


6. Two New Rodents (Genera Thomomys and Marmota) from the Eastern 
Border of California, by Joseph Grinnell.. Pp, 239-244, 6 figures in text. 
November, : LOZR ssi se Ne ae a ORE RS eS Ae Bi 

7. A Study of the Californian Forms of the Microtus montanus Group of 
Meadow Mice, by Remington Kelloggs. Pp. 245-274, 25 figures in text. 

8. A Synopsis of the Microtus mordaz Group of Meadow Mice in California, 
by Remington Kellogg. Pp. 275-302, plate 8, 29 figures in text. 

Nos, 7 and 8 in one. cover. April, 1922 20.00 ceeccleneene 


Vol, 22.1. A Quantitative and Statistical Study of the Plankton of the San Joaquin 
River and Its Tributaries in and near Stockton, California, in 1913, by 

Winfred Emory Allen. Pp. 1-292, plates 1-12, 1 figure in text. June, 1920. 

2. Variations in the Shell of Teredo navalis in San Francisco Bay, by Robert 
Cunningham Miller. Pp. 293-328, plates 13-17, 6 figures in text. Novem- 


Der TOBA. Sei ae ech ech an RA A) Bede An ae ane Damen Che eee Goat) ee 
8. Quantitative Studies on Marine Phytoplankton at La Jolla in 1919, by 
* Winfred Emory Allen. Pp. 329-347, 2 figures in text. November, 1922 


4, On the Effect of Low Salinity on Teredo navalis, by Harold Francis Blum. 
Pp. 349-368, 4 figures in text. December, 1922 2.0) 
5. Quantitative Studies on Inshore Marine Diatoms and Dinofiagellates of 
Southern California in 1920, by Winfred Emory Allen. Pp. 369-378, 
1 figure in text. 
6. Stylarioides papillosa, sp. nov., a New Annelid from the San Diego Region, 
by Christine E. Essenberg. Pp. 379-381, 8 figures in text. 
Nos. 5 and 6 in one cover.’ December, 1922 2.0.0.0. e ted 


Vol.28. The Marine Decapod Crustacea of California, by Waldo L. Schmitt. Pp. 
1-470, plates 1-50, 165 figures in text. May, 1921 .. 02. ..ot 


Vol. 24. 1, A Geographical Study of the Kangaroo Rats of California, by Joseph 
Grinnell. Pp. 1-124, plates 1-7,24 figures in text. June, 1922 ...0..002. 

2. Birds and Mammals of the Stikine River Region of Northern British 
Columbia and Southeastern Alaska, by H. 8. Swarth. Pp. 125-314, plate 

8,34 figurea' in "text, .\June, 1922: 0) oi eS aah 


5.00 


QUANTITATIVE STUDIES ON INSHORE 
MARINE DIATOMS AND DINOFLAGELLATES 
OF SOUTHERN CALIFORNIA IN 1920 


BY 
WINFRED EMORY. ALLEN 


STYLARIOIDES PAPILLOSA SP. NOV., 
A NEW ANNELID FROM THE 
SAN DIEGO REGION 


BY 
CHRISTINE E. ESSENBERG 


Sutitaw ey >, 
is Hy % 
LAK BT abe Dh 


UNIVERSITY OF CALIFORNIA PUBLICATIONS Nd 


Ri Me 
Vol. 22, Nos. 5-6, pp. 369-381, 9 figures in te Re MURS, 


UNIVERSITY OF CALIFORNIA PRESS 
BERKELEY, CALIFORNIA 


UNIVERSITY OF CALIFORNIA PUBLICATIONS 


Note—The University of California Publications are offered in exchange for the publi- 
cations of learned societies and institutions, universities, and libraries, Compiete lists of 
all the publications of the University will be sent upon request. For sampie copies, lists 
of publications or other information, address the MANAGER OF THE UNIVERSITY 
PRESS, BERKELEY, CALIFORNIA, U.S. A. All matter sent in exchange should be 
addressed to THE EXCHANGE DEPARTMENT, UNIVERSITY LIBRARY; BERKELEY, 
CALIFORNIA, U.S.A. 


WILLIAM WESLEY & SONS, LONDON 


Agent for the series in American Archaeology and Ethnology, Botany, Geology, 
Physiology, and Zoology. 


ZOOLOGY.—C. A. Kofoid, S. J. Holmes, and J. Grinneli, Editors. 


This series contains the contributions from the Department of Zoology, from the 
Marine Laboratory of the Scripps Institution for Biological Research, at La Jolla, 
California, and from the California Museum of Vertebrate Zoology in Berkeley. 


Cited as Univ. Calif. Publ. Zool. 


Volume 1, 1902-1905, 317 pages, with 28 plates —..o 2. se ice ccncaeeteeecte reese ..- $3.50 
Volume 2, 1904-1906, xvii +- 382 pages, with 19 plates _.-.-...- 2... $3.50 
Volume 3, 1906-1907, 383 pages, with 23 plates ..._-_...._... Sicsuahh eau ones f.) 0 ¥ 
Volume 4, 1907-1908, 400 pages, with 24 plates 

Volume 5, 1908-1910, 440 pages, with 34 plates 

Volume 6, 1908-1911, 478 pages, with 48 plates et 53.50 
Volume. 7, 1910-1912, 446 pages, with 12 plates $3.50 
Volume 8, 1911, 357 pages, with 25 plates . 2. 83.50 
Volume 9, 1911-1912, 365 pages, with 24 plates 38.60 
Volume 10, 1912-1913, 417 pages, with 10 plates — 2.2 $3.50 
Volume 11, 1912-1914, 538 pages, with 26 plates — ne ee $5.00 
Volume 12, 1913-1916, 558 pages, with 22 plates — n-ne .... $5.00 


Volume 18, 1914-1916, 529 pages, with 39 plates Le oe ee 65.00 


Volume 14, 1914 1918, 452 pages, with 60 plates 


Volume 15, 1915-1916, 360 pages, with 38 plates —..2-- _... $4.00 
Volume 16, 1915-1917, 522 pages, with 46 plates 2. eect eee . $5.00 _ 
Volume 17, 1916-1918, 545 pages, with 24 plates 2. 2c onic ccna eaten ere -. $5.00 


Volume 18, 1917-1919, 529 pages, with 20 plates .... 
Volume 19, 1919+1920, 480 pages, with 33 plates 
Vol. 19. 1. Reaction of Various Plankton Animals with Reference to Their Diurnal 


Migrations, by Calvin O. Esterly. Pp. 1-83. April, 1919 0... 8B 
2. The Pteropod Desmopterus pacificus (sp. nov.), by Christine Essenberg. Pp. 

85-38; 2 fenres in texte WEay 1S 1S a a ae abcde etencn ty 05 
8. Studies on Giardia microti, by William C, Boeck. Pp. 85-136, plate 1, 19 

figures in text. April, 1919 —... SE 1 oo Eg Oe 


4. A Comparison of the Life Cycle of Crithidia with that of Pegunanona in 
the Invertebrate Host, by Irene McCulloch. Pp. 135-190, plates 2-6, 3 


fignres in text.) Oetober, 1529 cin ey Te a ee alpemen ce comet smers .60 

5. A Muscid Larva of the San Francisco Bay Region Which Sucks the Blood 
of Nestling Birds, by O. E. Plath. Pp. 191-200. February, 1919 -._..... Drees (1) 

6. Binary Fission in Collodictyon triciliatum Carter, by Robert Clinton Rhodes. 
Pp. 201-274, plates 7-14, 4 figures in text. December, 1919 —.-...__.__-.., 1.00 

. The Excretory System of a Stylet Cercaria, by William W. Cort. Pp. O76- 
281, 1 figure in ‘text. August, 1919 conn. ena nncennaecee renee 10 

8. A New Distome from Rana aurora, by Williami W. Cort. Pp. 283-298, 6 
figures in text. November, 1919 cena ceca nae encase eee ece reenter ttn 20 


9. The Occurrence of a Rock-boring Isopod along the Shore of San Francisco 
Bay, California, by Albert L. Barrows. Pp. 299-316, plates 15-17. De- 
COMET, | 1919 one cas nae aan ee ae ance case eden peptrecestateennecee sane stennateapeewerecanensean 25 
10. A New Morphological Interpretation of the Structure of Noctiluca, and Its 
Bearing on the Status of the Cystoflagellata (Haeckel), by Charles A. 
Kofoid. Pp. 317-334, plate 18, 2 figures in text. February, 1920... 25 


r 


QUANTITATIVE STUDIES ON INSHORE MARINE 
DIATOMS AND DINOFLAGELLATES OF 
SOUTHERN CALIFORNIA IN 1920 


BY 


WINFRED EMORY ALLEN 


(Contribution from the Scripps Institution for Biological Research of the University of California). 


UNIVERSITY OF CALIFORNIA PUBLICATIONS IN ZOOLOGY 
Vol. 22, No. 5, pp. 369-378 
Issued December 22, 1922 
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OF SOUTHERN CALIFORNIA IN 1920 


BY 


WINFRED EMORY ALLEN 


INTRODUCTION 


This paper is the second of a series of papers dealing with this 
subject, the first of which covered the work done in the last four 
months of 1919 at the pier belonging to the Seripps Institution for 
Biological Research of the University of California at La Jolla (Allen, 
1922). The present report covers material similar to that described 
in the first paper. This material was taken by the same methods and 
equipment and handled and studied in a similar way. The only 
difference is that in this series a part of the material was obtained 
from another station (Pt. Hueneme) at the eastern end of Santa 
Barbara Channel about one hundred miles northwest from La Jolla, 
located in latitude 34° 08’ 38’ North and longitude 119° 12’ 40” 
West; also, this material was taken by a pier employee (Mr. B. E. 
Garner) on six mornings of each week as he found opportunity in 
connection with his regular employment. 

Since the work of this year was carried on in the same way as that 
described in the above mentioned report for 1919, it is assumed that 
preliminary discussion is unnecessary and that we may properly 
enter at once upon direct consideration of the material. 
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GENERAL DISCUSSION 


Through the first eight months of 1920 collections were taken at 
intervals of twelve hours at the La Jolla pier. Since such a series 
cannot properly be compared with one taken at different intervals, this 
series may best be segregated and discussed first merely as a twelve- 
hour series. The morning catches can then be properly included in 
a separate discussion of the twenty-four-hour series taken at both 
stations. 


THE TWweELve-Hour SERIES 


Attention will here be limited to features peculiar to the twelve- 
hour series. These features are all connected with the question as to 
whether larger numbers of diatoms and dinoflagellates were taken in 
morning or in evening catches. This question has already received 
some attention (Allen, 1922). 

Summaries now available for the twelve months from September 1, 
1919, to September 1, 1920, show a rather marked difference in 
diatoms and dinoflagellates, the former being taken in larger numbers 
in morning catches, the latter in evening catches. This fact is best 
shown by comparing single catches with the two nearest, i.e., twelve 
hours earler and twelve hours later. Thus, in the case of diatoms, 
in the twelve months, 146 morning catches were larger than the two 
nearest evening catches while only 62 evening catches were larger 
than the two nearest morning catches. But, in the case of dino- 
flagellates, only 86 morning catches were larger than the two evening 
catches while 135 evening catches were in excess of the two morning 
catches. 

Similar differences appear when comparing catches with the last 
one preceding them. Thus, in the twelve months, each of 224 morn- 
ing catches of diatoms exceeded that taken the evening before and 
only 136 of the evening catches exceeded those taken respectively the 
mornings before, while four were equal. But, in the case of dino- 
flagellates, only 163 of the morning catches exceeded those respectively 
of the preceding evenings, while 198 of the evening catches exceeded 
those respectively of the preceding mornings, four being equal. 
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Such numerical differences obviously suggest the possibility that 
diatoms generally tend to reproductive activity at mght rather than 
in the daytime when their energies are occupied in photosynthesis. 
It also appears that dinoflagellates are not thus inclined. This differ- 
ence in the groups strongly indicates that their characteristics are so 
different that they cannot properly be considered together as a photo- 
synthetic assemblage. It also indicates the justice of Kofoid and 
Swezy’s assertion (Kofoid and Swezy, 1921) that the holophytic 
aspect of the activities of dinoflagellates has been over-rated. 

In addition to these points there are the repeated evidences that 
distribution of organisms in sea water is not uniform. There were 
very few days in the whole year in which catches twelve hours apart 
showed approximately the same numbers and these few days were all 
found to be in periods of very low production. 


THe TweEenty-rour-Hour SERIES 


In working over the records of catches at both La Jolla and Pt. 
Hueneme it was found necessary to use some unit of time greater 
than the day and less than the month. In some ways five-day units 
seem to be most satisfactory, but they are not in common use and on 
account of omission of Sunday collecting at Pt. Hueneme this unit 
could not be applied. It was therefore decided to adopt the week as 
the standard unit in this kind of discussion. This unit is also desir- 
able because of its use by our hydrographic workers and by the 
United States Weather Bureau. 


SEASONAL VARIATIONS IN NUMBERS 


One of the first questions to be raised concerning a series of catches 
running over a period of a year is that about seasonal variations, the 
more obvious of which may be expected to be variations in numbers 
and variations in species or representative forms. As to the first it 
is generally understood that maximum production occurs in the late 
spring or early summer and that there is also a rise of production in 
autumn after a decline in late summer. While our 1920 evidence does 
not contradict this view, it does modify it to a considerable extent, in 
that the numerical distribution is not thus limited at either station. 
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The most marked departure from this expectation is to be noted in 
the La Jolla series of diatom catches, graphically shown in figure 1 
and recorded in the first column of table 1. Here on January 29 was 
begun a very remarkable increase of production which was well 
sustained for a period of eight weeks, after which the markedly pro- 
ductive periods, distributed in five groups, did not endure more than 
three weeks. In fact, the period of heaviest production, which came 
early in May, lasted only a little more than a week and the period of 
next heaviest production was largely confined to the last week of June 
and the first week of July. Evidently the moderate pulse of pro- 
duction occurring in September was the only one meeting ordinary 


expectations. 
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Fig. 1 


Unfortunately the Pt. Hueneme series was not opened until 
February 1 and it may have missed most of a period of heavy pro- 
duction, a part of which is indicated in the case of diatoms for the 
week ending February 4 (fig. 1 and table 1). At any rate the heaviest 
production of the year occurred in the last week of April and the 
first week of May, a date also somewhat earlier than usually expected. 
The period of best sustained production was through most of June 
and July which is fairly near to expectation. There is, however, no 
marked pulse in autumn. 

Since the numerical distribution of the dinoflagellates at the two 
stations was somewhat similar to that just described for thé diatoms, 
it is not necessary to discuss them in detail. Figure 1 and table 1 give 
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the essential points. Note that the numbers of dinoflagellate cells are 
on the average smaller (usually much smaller) than the numbers of 


diatom cells throughout the year at both stations. 


No, of For week 

week ending 

1 January — 7 

2 14 

3 21 

4 28 

5 February 4 

6 11 

7 18 

8 25 

9 March 3 
10 10 
11 17 
12 24 
11S} 31 
14 April 7 
15 14 
16 21 
17 28 
18 May 5 
19 12 
20 19 
21 26 
22 June 2 
23 9 
24 16 
25 23 
26 30 
27 July ul 
28 14 
29 21 
30 28 
31 August 4 
32 11 
33 18 
34 25 
35 September 1 
36 8 
37 15 
38 22 
39 29 
40 October 6 
41 13 
42 20 
43 27 
44 November 3 
45 10 
46 17 
47 24 
48 December 1 
49 8 
50 15 
py 22 


TABLE 1 


DatLty AVERAGE NUMBERS OF CELLS PER LITER IN SEVEN Day PeErRIops 
THROUGH 1920 


DIATOMS 

La Jolla Pt. Hueneme 

231 

2,510 
Sia pO yeasts: 
OOO ee ees 
67,853 45,760 
200,301 8,712 
105,852 4,619 
161,255 1,259 
81,570 3,557 
99,648 3,815 
110,014 18,451 
94,858 33,543 
10,183 6,357 
13,162 11,584 
1,346 5,070 
3,837 20,755 
2,436 161,299 
364,723 130,851 
65,408 52,756 
4,823 31,672 
185,253 45,269 
67,522 123,120 
407 6,032 
183 122,100 
320 58,716 
232,867 86,091 
341,851 104,328 
85,416 128,819 
1,751 142,445 
6,893 41,630 
1,742 23,136 
617 4,107 
878 17,507 
2,286 24,667 
6,991 8,088 
55,832 8,913 
102,219 11,619 
43,173 15,179 
8,436 20,987 
1,739 2,446 
2,811 3,019 
3,226 20,369 
3,393 38,837 
1,989 5,984 
2,183 133 
706 47 
921 41 
6,020 1,365 
42,427 3,816 
17,982 1,175 
3,973 401 
4,039 907 


DINOFLAGELLATES 


La Jolla 
601 
570 
554 
430 

1,913 
4,900 
6,898 
1,669 
3,345 
4,192 
12,942 
8,347 
965 
1,056 
987 
1,138 
2,168 
13,045 
10,997 
4,217 
5,582 
4,202 
15,157 
3,911 
15,490 
4,185 
1,774 
1,641 
2,290 
1,774 
2,602 
3,750 
2,560 
2,121 
5,557 
1,497 
1,271 
958 
1,099 
1,367 
843 
1,271 
1,374 
1,179 
1,870 
1,613 
1,147 
2,343 
1,057 
1,337 
125 
2,165 


Pt. Hueneme 


6,303 
3,611 
816 
691 
1,357 
904 
1,021 
2,736 
2.195 
1,029 
110 
61 
iat 
265 
75 

67 

22 


40 
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VARIATIONS IN KINDS OF ORGANISMS 


It might be expected that with such clearly marked periodicity of 
production, especially as shown by diatoms at the La Jolla pier (fig. 1 
and table 1), there would be prominent shifts in the specific characters 
of the diatom and dinoflagellate populations. But for this year at 
least such distinctions do not appear. 

At the La Jolla pier there were eighteen weeks in 1920 in which 
production of diatoms might be said to be conspicuous (although not 
always heavy) and in these eighteen weeks only eight forms were for 
any week included in the three most numerous. One of these was 
the catchall assemblage called Chaetoceras sp. which was necessarily 
indefinite in application. Of the seven species segregated Bacteri- 
astrum varians Lauder was second for two successive weeks; Chaeto- 
ceras affine Lauder was second for one week and third for four 
weeks; Chaetoceras curvisetum Cl. (ineluding Ch. debile Cl.) was 
first for three weeks, second for two, and third for three weeks; 
Chaetoceras scolopendra Cl. was second once and third once; Lepto- 
cylindrus danicus Cl. was first for two successive weeks; Nitzschia 
seriata Cl. was third in nine weeks, second in four, and third in two 
weeks; and Skeletonema costatum Grev. was second in three and 
third in two weeks. 

Omitting the indefinite group Chaetoceras sp., there were only 
three forms in conspicuous abundance (averaging more than 50,000 
per liter for one or more weeks) at the La Jolla pier in 1920, viz., 
Nitzschia seriata Cl., Chaetoceras curvisetum Cl., and Leptocylindrus 
danicus Cl. The prominence of the last named was confined to the 
last two weeks in May. One or both of the other two species was 
conspicuous at all seasons. Such evidence does not indicate any great 
tendency of the diatom population to change in character from one 
season to another. 

At Pt. Hueneme the evidence of such change is a little stronger. 
Six forms of the eight which appeared amongst the first three in one 
or more productive weeks were the same as at La Jolla. Bacteri- 
astrum varians Lauder and Leptocylindrus danicus Cl. did not 
reach prominence, but Thalassiosira baltica Grun and Eucampia 
zoodiacus Khr. did. The former was very prominent for two weeks 
at the end of April and beginning of May, and the latter was most 
prominent during the second week in July. Aside from Chaetoceras 


=] 
or 
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sp. these two were, with Nitzschia seriata Cl. and Chaetoceras curvi- 
setum CL, the conspicuous forms at Pt. Hueneme. 

So far as we know at present Nitzschia seriata Cl. and Chaetoceras 
curvisetum Cl. may constitute a fairly stable portion of the diatom 
population in the southern California region and forms such as 
Bacteriastrum varians Lauder, Leptocylindrus danicus Cl., Eucampia 
zoodiacus Ehr., and Thalassiosira baltica Grun may be more typically 
variable, or fluctuating or delicately responsive in character, and so 
more truly indicatory of the incidence and influence of changes in 
their environment. 

Dinoflagellates showed general features of seasonal distribution of 
species essentially similar to those of diatoms. At La Jolla eight 
forms attained prominence in one or more of the productive periods 
sufficient to place them amongst the first three species in one or more 
weeks. One of the most prominent of these eight was a catchall 
assemblage called Gymnodinium sp. which may at times have included 
many other minute organisms. In that respect the group is even more 
unsatisfactory than Chaetoceras sp. Two of the other prominent 
forms, Peridinium cerasus Pauls. and Peridinium minutum Kof., were 
often indistinct and hence not satisfactorily identified. Several small 
species may have been recorded under those designations at one time 
or another. 

Of the five prominent species identified with approximate accuracy, 
Prorocentrum micans Ehr. was decidedly the most persistent, reaching 
third place or better in nine out of the ten noticeably productive 
weeks. In addition to it Ceratium furca (Bhr.) Clap. u. Lach. and 
Peridinium minutum Kof. were notably abundant in one or more 
weeks. 

At Pt. Hueneme fourteen weeks were relatively productive in 
which six forms, besides Gymnodinium sp., were amongst the three 
most abundant in one or more weeks. Of these only four reached 
numbers large enough (3000 per liter or more) to be considered dis- 
tinctive. They were Prorocentrum micans Ehr., listed amongst the 
first three in all of the fourteen weeks; Ceratium furca (Ehr.) Clap. 
u. Lach. amongst the first three in four weeks; Ceratium tripos 
(O.F.M.) Nitzsch. amongst the first three in three weeks; and 
Peridinium minutum Kof. amongst the first three in seven weeks. 

As in the ease of diatoms it appears probable that one or two 
species are relatively stable in the region studied and that others are 
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more sensitive to environmental changes or less able to make their 
own way. If this be true, at both La Jolla and Pt. Hueneme Pro- 
rocentrum micans Hhr. is evidently the typically stable species and 
Ceratium furca (Ehr.) Clap. u. Lach. shows similar tendencies. For 
this particular year it is clear that dinoflagellates present even less 
evidence than diatoms that there is a regular seasonal sequence in 
species. 


SPECIES AND GENERA 


Since I have already in former papers (Allen, 1921, 1922) desig- 
nated the more common forms and discussed certain characteristics 
exhibited by them in this region it is seareely necessary to include 
such details in this paper or any other until our observations have 
been carried over enough years and localities to make such discussion 
more nearly accurate instead of merely suggestive. We have in 
expectation a period of at least five years of pier collections in this 
series which we hope may give ground sufficient for a revised state- 
ment of details. 

Notre.—In accordance with the recent movement toward condensa- 
tion of scientific matter detailed discussion has been almost entirely 
omitted from this paper and (still more important) 228 pages of 
tables have been omitted. No place of deposit of such tables has yet 
been designated so that it will be necessary for those desiring further 
information to write to the Director of the Seripps Institution at 
La Jolla, California. 
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SUMMARY AND CONCLUSION 


1. It is certain from the excellent condition of the series from 
Pt. Hueneme that a trustworthy untrained man can do satisfactory 
work in plankton collecting by our measured water method. 

2. As is shown in table 1 the average number of diatoms is much 
greater through most of the year than is the average number of dino- 
flagellates. The ratio at La Jolla was nearly 1/15 and at Pt. Hueneme 
nearly 1/8. Actual nutritive values of the two populations may have 
been somewhat similar. 

3. As is shown in the discussion of morning and evening catches, 
the behavior of diatoms and dinoflagellates is not enough alike to 
warrant my former practice of discussing them together as a photo- 
synthetic assemblage, since the morning catches of diatoms exceeded 
those of the evening while the evening catches of dinoflagellates 
exceeded those of the morning. 

4. The studies of this year have yielded continued evidence that 
distribution of organisms in sea water is not uniform. 

5. Seasonal variations in numbers at La Jolla did not closely 
accord with the probabilities mentioned by various observers since a 
period of sustained productivity came much earlier than might have 
been predicted in the case of both diatoms and dinoflagellates. There 
was also some indication of such departure at Pt. Hueneme. 

6. At neither station was there much variation in the kinds of 
diatoms and dinoflagellates according to time of year. There was 
some suggestion of the possibility that two or three forms are rela- 
tively stable and constant and that one or two other forms may gain 
prominence through marked responsiveness to seasonal differences. 

7. From my experience in the study of this series it is increasingly 
evident that we not only need long, continuous series of observations 
in as many localities as possible but that we greatly need enormous 
increase of such observations in many complementary and supple- 


mentary lines. 
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STYLARIOIDES PAPILLOSA, SP. NOV., 
A NEW ANNELID FROM THE 
SAN DIEGO REGION 


BY 
CHRISTINE E. ESSENBERG 


The polychaetous annelids of the family Stylarioidae are appar- 
ently rare in waters of the Pacific Coast of North America. The large 
annelid collection of the University of California at Berkeley does 
not contain any specimens of this family. 

In the San Diego region, where shore collections are frequently 
made at low tide, a single specimen has thus far been found by the 
author and is evidently a new species which we designate Stylarioides 
papulosa. 

This species is of a gray-brown color and is difficult to detect in 
mud where it lives, except by its wriggling motion. The body is 
about 70 mm. long, slightly flattened on the ventral side, tapers 
gradually toward both ends, and terminates bluntly at both. It has 
forty segments, which are visible only from the ventral and lateral 
surfaces. On the convex dorsal surface they are obscured by the 
abundance of long, finger-like projections (fig. 1). The mouth is 
surrounded by two long, green palps and by fourteen or more grass- 
green, long branchiae (figs. 1, 2). The parapodia are long in the 
living animal, with short papillae projecting even from their tips. 
In the preserved specimen the parapodia have contracted very much, 
so that they are hardly visible from the dorsal surface. There are 
two kinds of setae. The ventral setae, about two on each parapodium, 
are conspicuously large, compound, and hooked (figs. 3, 4, 6). The 
dorsal setae are long and slender. They are hardly visible in the 
living animal, being buried deeply in the parapodium (fig. 2). The 
dorsal projections, or villi, giving the animal a rough or spiny appear- 
ance, are of two kinds. Some are long, finger-shaped, attached to the 
body by a narrow neck (fig. 5); others are smooth and uniform in 
shape (fig. 8). These villi-like projections incline posteriad and 
between them are lodged grains of sand and mud, giving the animal 
the appearance of a moving piece of mud. 
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Stylarioides papillosa 

Villus. X 45. 

Ventral seta. XX 45. 

Tip of ventral seta. X 320. 

Point of hook of ventral seta. 320. 
Villus. X 20. 

Dorsal view. X 1.5. 

Dorsal seta. XX 160. 

Ventral view of anterior portion. X 3. 
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Stylarioides papillosa has some resemblance to 8. plwmosa Chiaje 
(1828-1829) and to S. flabellata (McIntosh, 1915). It differs from 
both in various essential characteristics. 

Its failure to be found in the many annelid collections from the 
Pacific Coast may be due to its remarkable adaptations and its pro- 
tective coloring. Unless one makes a special effort to find it by pulling 
up the sea weeds under whose roots the animal lives, this polychaete 
would probably not be discovered. 
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INTRODUCTION 


Ever since the classical investigations of Teredo by Sellius in 
1733, it has been debated periodically whether or not the destructive 
boring mollusks of this group derive any nutriment from the wood 
which they so effectively perforate. Sellius himself discussed the 
question (p. 108) without arriving at a definite conclusion. Reimarus 
(1773, pp. 55 ff.) expressed a negative opinion, which was shared by 
Home (1814, p. 373), who examined wood particles removed from the 
bodies of the animals and thought them to be unchanged by the 
digestive fluids. Baumhauer (1866, p. 19) states unreservedly that 
Teredo bores in wood, not for nutriment, but solely to secure a pro- 
tected dwelling. Most recent writers, such as Sigerfoos (1908, p. 218), 
Moll (1914, p. 257), and Calman (1919, p. 12), although considering 
plankton the principal food of the organisms, admit the possibility 
that some nourishment may be derived from the wood. Bartsch, 
however, in a recent monograph (1922) inclines to the earlier view 
of non-utilization of the wood particles as food, suggesting (p. 4) 
with apparent seriousness that ‘‘the shipworm may simply indulge 
in a partial meal of this kind to have the comfortable feeling of a 


copious repast.’’ 


BIOLOGICAL CONSIDERATIONS 


The arguments against utilization of the wood as food are several 
and varied. Certain near relatives of Teredo (Pholas, Zirphaea, and 
Saxicava) bore for protection only, in such substances as sandstone, 
limestone, shale, marl, and gneiss—materials which cannot be sup- 
posed to yield them any nourishment; these indigestible borings may 
even be found in considerable quantities in the digestive tract of the 
rock borers (Calman, 1919, p. 12), so that the presence of wood 
borings in the digestive tract of Teredo is of itself no proof of 
utilization of wood as food. The principal constituents of wood, 
cellulose and lignin, are notoriously resistant to digestive action, so 
that they pass through the digestive tract of many animals entirely 
unchanged by the enzymes there present. Teredo is equipped to 
take its food from the water as do other lamellibranchs; also, the 
inner end of a teredo’s burrow is often closed off by the forma- 
tion of a shelly cross-partition, and the animal may live for an 
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indefinite period with no contact with the wood whatever. Finally, 
wood that has passed through the digestive tract of the animal is 
shown by microscopic study to have retained its cellular structure 
(pl. 18, fig. 1), and some investigators even claim to have identified 
the kind of wood by its odor and color, as stated by Moll (1914, p. 
526). This writer remarks that it is hardly conceivable that action 
on the wood by the digestive fluids should not have changed it more. 

In reply to these arguments it may be said that Teredo is one of 
the most highly specialized of the boring mollusks, and might be 
expected a priori to differ from its rock-boring relatives in its method 
of obtaiming nourishment. Some other types of animal are known 
to derive nutriment from wood, notably the termites (Banks and 
Snyder, 1920, p. 94) and various wood-boring beetles; among the 
mollusks, certain snails are known to secrete enzymes which act upon 
cellulose (Billard, 1914, p. 566). It would be surprising if Teredo 
were entirely to neglect so proximate a source of food as is afforded 
by the wood particles passing through its digestive tract. While the 
animal does sometimes partition itself off anteriorly from contact with 
the wood, it does not ordinarily do this until well grown, and probably 
not until forced to cease boring by the honeycombed condition of the 
wood. As regards the wood’s retention of its physical properties 
after passage through the digestive tract, we may refer to Konig’s 
observation (1913, p. 1101) that when cellulose is dissolved from wood 
by means of strong acids, the residual lignin still possesses the original 
woody structure. Hence we should expect that the appearance of the 
wood under the microscope would not be materially changed, even 
though the cellulose, hemicelluloses, and soluble sugars were entirely 
removed. 

The most potent presumptive evidence in favor of the digestion 
of wood by Teredo is found in the anatomical structure of the diges- 
tive tract. The stomach opens posteriorly into an expanded and 
elongated blind sae, the caecum, in which the wood particles swallowed 
during boring operations are accumulated, being then periodically 
emptied into the intestine, whence they pass into the anal canal and 
are ejected through the dorsal siphon. It seems improbable that so 
specialized an organ as the caecum should have no significance in the 
economy of the animal except as a temporary storage place for 
extraneous sawdust on its way to the outside. The anatomical 
evidence on this point will be treated by Lazier in a paper shortly to 
appear in this series. 
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CHEMICAL CONSIDERATIONS 


Indirect evidence, however, must of necessity be inconclusive. 
The need of definite experimental proof has suggested an approach 
to the problem from the chemical point of view. It should be possible 
to determine experimentally (1) whether or not the enzymes of 
Teredo are capable of acting upon any of the constituents of wood, or 
(2) whether or not the wood particles are chemically changed in their 
passage through the digestive tract. 

The first of these alternatives has been selected for investigation 
by Harrington (1921), who has shown, though not so conclusively as 
might be desired, that a certain enzyme or enzymes extracted from 
excised livers of Teredo norvegica will act on sawdust to produce 
glucose. Since the liver extract failed to reduce pure cellulose, 
Harrington concludes either that the enzymes were not present in 
sufficient concentration, or that action on the wood was limited to 
hydrolysis of the hemicelluloses, which are notably more easily broken 
down than pure cellulose, with the further alternative that ‘‘there 
may be other substances present in wood which are necessary as 
co-enzymes to the ferment in question.”’ 

The present writers would suggest the possibility that the liver 
enzymes are not the only digestive ferments acting in the intestinal 
tract of Teredo; there may be enzymes from the crystalline style 
(Nelson, 1918, pp. 98, 107) or other parts of the digestive system, 
which are the necessary co-enzymes in the process of hydrolysis of 
wood. It is entirely within the limits of probability that a fluid 
capable of hydrolyzing cellulose may be poured out in the region of 
the foot, so as to serve the double purpose of softening the wood to 
facilitate boring and of preparing a part of it for absorption. 

It is hoped that Harrington will press these interesting physio- 
logical investigations farther along the lines he himself has suggested. 
In the meantime, it has seemed to the present writers that very 
definite results might be obtained from the second method of investi- 
gation mentioned above, namely, by extracting and comparing the 
chemical constitution of the borings with that of the original wood, 
thus arriving at both a qualitative and quantitative determination of 
such changes as may take place during passage of the borings through 
the digestive tract. 
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Analysis of wood particles removed from the excised caecum would 
be open to criticism on more than one count. Aside from con- 
sideration of the almost impossible number of teredos that would be 
required for the accumulation of the necessary amount of the ingested 
wood, we are ignorant of the length of time the borings remain in 
the caecum before being ejected to the outside, and a great deal of 
the material thus secured might represent only the earliest stage of 
the digestive process; further, there is the possibility that some 
digestion takes place after the wood leaves the caecum, during its 
passage through the rather long intestine, especially the enlarged 
proximal portion, which. contains a typhlosole. It seems extremely 
desirable that the material analyzed should be secured after it has 
passed entirely through the digestive tract in normal fashion, and 
been ejected through the excurrent siphon. 


EXPERIMENTAL 


At the marine laboratory maintained by the San Francisco Bay 
Marine Piling Committee on the Oakland mole of the Southern Pacifie 
Railroad, through whose codperation these studies have been made 
possible, for more than a year the writers have had under observation 
in aquaria a considerable number of Teredo navalis, which highly 
destructive species oceurs locally in great numbers (Kofoid, 1921; 
Kofoid and Miller, 1922). The animals have continued boring and 
appear to thrive under conditions of aquarium life. From time to 
time wood borings were ejected in considerable quantities from the 
siphons (pl. 18, fig. 2). Such borings were carefully coltected with 
a long pipette and dried. In about eight months sufficient material 
was accumulated by this method to permit of suecessful analysis. 

Two aquaria, which we will term No. 1 and No. 2, supplied all the 
wood particles used. The original wood in both cases was Douglas 
fir, consisting in No. 1 of squared blocks planted in the bay for 
experimental infection and later placed in the aquarium, and in No, 2 
of a section of piling infected at the time it was pulled. The material 
from the two aquaria has been kept separate and subjected to parallel 
analyses, as below described, thus rendering the results doubly 
significant. 

The possibility was recognized of changes occurring in the com- 
position of the wood subsequent to ejection, especially as it was not 
always possible to collect the borings with desirable promptness. In 
order to test the probability of such changes, some of the borings 
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(series 1, sample 2) ‘were allowed to remain on the bottom of the 
aquarium for about six months before being pipetted off. 

The borings as collected were dried overnight at 100° C. in an 
electric oven, and crushed to pass a wire sieve having 50 meshes to 
the linear inch. Samples of the original wood were reduced to saw- 
dust, then ground to pass through the 50-mesh sieve. To avoid 
changes in moisture content, all samples were preserved for analysis 
in tightly fitting glass stoppered bottles. 


- MerrnHops or ANALYSIS 


Analyses were made for moisture, ash, calcium, nitrogen, benzene 
extract, alcohol extract, reducing sugars in aleohol extract, hemi- 
celluloses, cellulose, lignin, and furfural yield on distillation with 
hydrochloric acid. All these determinations were made on one sample 
of wood and the corresponding sample of ejected borings. On subse- 
quent samples some of the determinations were omitted. Whenever 
possible determinations were made in duplicate, but in some instances 
the limited amount of available material made it necessary to depend 
upon single determinations. 

1. Moisture-—One gram was dried for seventeen hours at 100° C. 
in a constant temperature electric oven. 

2. Ash.—The dried material from the moisture determination was 
transferred to a platinum dish and incinerated over a wire gauze at 
a temperature below redness. 

3. Calciwum.—tThe ash was digested in dilute hydrochloric acid and 
the dissolved calcium estimated by precipitation as oxalate in slightly 
acid solution, and titration of the precipitate with permanganate. The 
conditions of precipitation were essentially those of MceCrudden 
(1909). 

4. Nitrogen—NSeven-tenths gram of material was treated by 
Gunning’s modification of the Kjeldahl method. The results were 
calculated as protein by multiplying the nitrogen value by the factor 
6.25, 

5. Benzene extract—One gram of the material was weighed out 
into an alundum extraction thimble and dried at 100° C. for several 
hours, then extracted for six hours in a Soxhlet apparatus. The 
benzene was evaporated off and the residue dried at 100° C. and 
weighed. 

6. Alcohol extract.—The residue remaining in the thimble after 
the benzene extraction was extracted with 95 per cent alcohol for six 
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hours, the alcohol evaporated off and the residual extract dried at 
100° C. and weighed. 

7. Reducing sugars in alcohol extract—The alcohol extract was 
digested in about 25 ¢.c. of hot water, allowed to cool, and basic lead 
acetate solution added until no further precipitation occurred. The 
precipitate was filtered off and the clear solution deleaded with sodium 
carbonate and filtered. The filtrate was neutralized with acetic acid, 
made up to 100 c¢.c. and reducing sugars determined by the Munson 
and Walker (1906) method, the cuprous oxide,heing burned to cuprie 
oxide and weighed as such in the manner recommended by Davis and 
Daish (1913) 

8. Hemicelluloses—After the alcoholic extraction, the contents of 
the thimble were transferred to a 300 ¢.c. Erlenmeyer flask and 
hydrolyzed by digesting on the steam bath for three hours with 1 per 
cent hydrochloric acid, the conditions being those proposed by Spoehr 
(1919). The undissolved residue was filtered off and used for the 
cellulose and lignin determinations. The filtrate containing the 
hydrolyzed carbohydrates was neutralized with solid lead carbonate 
and after removing the lead precipitate and deleading, the reducing 
sugars were determined as described under ‘‘reducing sugars in 
alcohol extract.’’ 

Cellulose and lignin were determined upon separate portions of 
“the residue remaining after the acid digestion for the removal of 
hemicelluloses. 

9. Cellulose—One portion of the residual material from the hemi- 
cellulose determination was transferred to a weighed Gooch crucible 
carrying a filtered disk of mercerized cotton cloth. Cellulose was 
then determined by the chlorination method of Sieber and Walter, 
which has been previously described by one of us (Dore, 1920a). 

When this method was applied to the ejected borings, it gave a 
cellulose residue contaminated with a certain amount of non-cellulose 
material that resisted chlorination. To correct for the presence of 
this extraneous matter, the crude cellulose residue was weighed and 
the cellulose dissolved out of the mixture by digesting overnight in 
cold 72 per cent sulfuric acid. The mixture was diluted with water. 
The undissolved non-cellulose residue was collected on the original 
filter, washed, dried, and weighed. Its weight was deducted from the 
weight of crude cellulose previously obtained, thus giving the weight 
of true cellulose. 

10. Lignin.—Another portion of the residual material from the 
hemicellulose determination was transferred to a 300 ¢.c. Erlenmeyer 
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flask, 10 ¢.c. of 72 per cent sulfuric acid added, and the whole allowed 
to stand overnight. The mixture was then diluted with 150 e.c. of 
water, heated to boiling and filtered on a Gooch crucible provided with 
a filtermg disk of mercerized cotton cloth. The residue was washed 
thoroughly with hot water, dried in a glass stoppered weighing bottle 
for seventeen hours at 100° C. and weighed as lignin. 

In order to learn whether the material obtained from the borings 
was actually lignin, it was submitted to alternate treatments with 
chlorine and 3 per cent sodium sulfite solution. The characteristic color 
reactions of lignin with chlorine and sulfite solution were given. The 
treatments were repeated until the sulfite solution was nearly colorless. 
Practically no residue then remained, indicating that the analytical 
product probably consisted entirely of lignin. 

11. Furfural yield on distillation with hydrochloric acid—One 
gram of the original material was treated by the method for pentosans 
deseribed by the Association of Official Agricultural Chemists (1912). 


RESULTS 


In tables 1 and 2 below are given the results of the analyses of 
wood and borings by these methods. 


ANALYSES OF Woop AND BorINGs. 
As found. 


TABLE 1 


Serres I 


All figures in percentages of air-dried material 


Original Wood ee eons, 
Determination 
Individual Average Individual Average Individual Average 
Moisture........ os 4.89 4.91 4.90 a0) 
Ashi. eGo se 8.42 8.02 | 8.22 (24.17 
Calcium in ash......) 0.62 0.68. | 0.65 0.66 
IN PMAOPR A ssssconencnee 0.08 0.08 | 0.08 -| 0.388 
Protein (N X6.25))............... il sad eee 0.50 220 
Benzene extract....| | 0.37 0.38 
0.37 8) 0.37 0.32 | 0.48 | 0.39 | 0.44 
Alcohol extract... 7.96 7.90 
8.00 (fo tla} athe PA Satay asl Perr PPR eh epee onsets 
Sugars in alcohol] | 0.33 0.32 
CXULACTC re caeee 0.44 0.382 0.35 OPO! 'O} iS | Ow ec eee eee eer | aera 
Hemicelluloses (4.20)t | 5.32 
(as dextrose)...... 5.04 5.24 5.20 4.24) 4.32) 4.28 | 5.08 | 5.64 | 5.36 
Cellulose............... 47.08 47.52 |47.30 14.79) 13.04/13.91 ]11.54 |... 11.54 
JST ee Srceoene eese W267. 126241 | 26445 3 Galil) eeenererel Gy 132) cot eee 32.13 
Furfural yield....... 4.75 4.53 |.4.64 Baty i eecresece Blo ei) Lies | esate co | een 3.38 


* Contains much NaCl. 


+ Excluded from average. 
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TABLE 2 
ANALYSES OF Woop AND Borines. SERIES IT 


As found. All figures in percentages of air-dried material 


Original Wood Borings 
Determination Individual Average Individual Average 
IMIOISUUIN Gates s rte cccrsccsscses.-s 8.47 8.56 7.49 7.15 7.32 
FAS a oeaaten AS 6.90 6.99 18.83 18.87 18.85 
INGO emi sees eee... oe 0.14 0.14 0.70 0.72 0.71 
Protein (N X 6.25)..... me 0.87 |. 0.87 4.38 4.50 4.44 
Benzene extract.................. 0.46 0.40 0.42 
0.39 0.40 0.38 0.47 0.42 

Sugars in alcohol extract... nil nil nil nil nil 
Hemicelluloses........0..0...0.... { 11.0812. 64 

(as dextrose) 11.76)12.08 11.87 8.44 8.48 8.46 
@ellulOse es cows seesctcceecsece 39.44/39.87 39.66 | 14.12 15.79 14.95 
(itenine. 1. ae 23.63/22 .91 23.27 | 38.16 | 37.71 37.93 
Furfural yield...................... 493 Phe erecsts 4.93 DESO | ererece 5.80 


The purpose in determining moisture, ash, and protein was to 
enable us to reduce all data to a comparable basis. Since normal 
wood contains but small amounts of ash and protein, the amount 
found of these constituents may be taken as an approximate measure 
of the non-woody substances present in the samples. Accordingly, ash 
represents chiefly mineral contamination (shell fragments, salt, etc.) 
while protein represents animal remains. 

The analytical figures for the respective wood samples and their 
corresponding borings are not directly comparable with one another 
since they are mixed with different amounts of non-woody material. 
In order to bring them to a common basis, the data have been 
recalculated to a moisture-free, ash-free, and protein-free basis. The 
results are given in table 3. 


TABLE 3 
RECALCULATION OF DATA OF TABLES 1 AND 2 


SEES U A Series IL 
Borings 
Wood (1) (2) Wood Borings 
Moisture—plus ash, plus protein...... 13.62 | 33.80 42.59 16.42 | 30.61 
Moisture-free, ash-free and protein- 
HMPOCHIN A GOLA asa here teres ccuccsnetecetes 86.38 | 66.20 | 57.41 | 83.58 | 69.39 


DATA RECALCULATED TO MOISTURE-FREE, ASH-FREE, AND PROTEIN-FREE BASIS 


Hemicelluloses 6.02 6.46 9.33 14.23 12.19 
Cellulose ey eed Oa 21.01 20.10 47.45 21.54 
ei prin ee eek te TIS Use 30.60 54.55 55.97 27.84 54.66 
Morfumallinyield i erccrescecsecs tent ree " 5.37 5.91 5.89 5.90 8.36 
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The figures for benzene extract and alcohol extract appear to have 
no special significance. The former represents resinous matter, the 
latter tannins, coloring matter, and soluble sugars. None of these 
except the soluble sugars can be regarded as having any nutritive 
value for animals. The analyses show that extremely small amounts 
of soluble sugars are present in wood and borings. Accordingly, 
neither benzene soluble nor alcohol soluble constituents have been 
considered in the recaleulations. 


DISCUSSION OF RESULTS 


The data show that each of the samples of ejected matter contains 
a much lower percentage of cellulose and a much higher percentage 
of lignin than the wood from which it was derived. The figures for 
hemicelluloses and furfural yield are less regular and not readily 
comparable on the basis given. 

Inasmuch as it is extremely unlikely that any lignin was synthe- 
sized during the passage of material through the digestive tract of 
the animal, the increase in lignin is to be ascribed to concentration by 
removal of cellulose and other wood constituents. Assuming that the 
absolute amount of lignin remaining in the residue is the same as was 
in the original wood, we may ealeulate the percentage of the original 
wood substance remaining in each of the three samples of borings by 
determining in each ease the ratio of the lignin content to that of the 
original wood. Thus the percentages of original wood substances in 
the samples of borings are: 


30.60 

Series I, sample 1 BA 55 X 100% = 56.1% 
30.60 

Series I, sample 2 55.97 X 100% = 54.7% 
27.84 


Series II, x 100% = 50.9% 


54.66 
The data of table 3 have been recalculated so that the constituents 
of the borings are expressed, not on 100 parts of borings, but on 100 
parts of original wood, or, in other words, upon the number of parts 
of borings corresponding to the percentages found in the preceding 
paragraph. The results are given in table 4. 
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TABLE 4 
Data OF TABLE 3 CALCULATED TO PERCENTAGES OF ORIGINAL Woop 


Series I Serres II 
Determination Woods |Borings (1)|Borings (2) Wood Borings 
Parts per | Parts per | Parts per | Parts per | Parts per 
100 56.1 54.7 100 50.9 

Hemicelluloses 6.02 3.62 5.10 14,23 6.20 
Cellulose.............. 54.74 11.79 10.99 47.45 10.96 
JLT oh a aang ee erence Sercce Me vhciae 30.60 30.60 30.60 27.84 27.84 
Htumehuralll sytel dia accesses esiarsrescdeseeess cx. oLon BeBe 3.22 5.90 4.26 


On this basis, it appears that during its passage through the 
animal’s digestive tract the wood has lost about 80 per cent of its 
cellulose, and from 15 to 56 per cent of its hemicelluloses, including 
from 11 to 40 per cent of its furfural yielding constituents such as 
pentosans, ete. 

The simplest explanation of this disappearance of carbohydrate 
material is that the cellulose and hemicelluloses of wood are partly 
digested by the teredo and probably hydrolyzed to simple carbo- 
hydrates which the animal can use as food. This view is consistent 
with Harrington’s (1921) suggestion that the teredo contains enzymes 
capable of hydrolyzing cellulose; also with the results of Billard 
(1914), Bierry (1914), and Bierry and Giaja (1912), who have found 
cellulose-splitting enzymes in other mollusks. 

The cellulose content and hgnin content of the three samples of 
borings are remarkably uniform (see table 3). This would seem to 
indicate the composition of the residue which the teredo is incapable 
of digesting. 

The experimental data rest upon the assumption that the ana- 
lytical products, cellulose and lignin, are true to name. The results 
for the wood are based on well established methods (Dore, 1919, 1920) 
and may be accepted without question. In the ease of the ejected 
matter, which is somewhat contaminated with animal remains, there 
might be some doubt as to whether the product after solution in 
72 per cent sulfurie acid is actually lignin and whether the loss in 
weight which the chlorinated residue underwent really represents 
cellulose. 

Tn order to determine the possibility of animal matter remaining 
undissolved by 72 per cent sulfuric acid and contaminating the 
lignin, the following experiment was performed: Several teredos 
were taken from the wood and the caeca dissected out and rejected, in 
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order to eliminate the wood particles they contained. The flesh, thus 
freed from woody matter, was then dried and pulverized. The residue 
was digested overnight in cold 72 per cent sulfuric acid and then 
diluted in the same manner as in earrying out the lignin determina- 
tion. Solution of the material was practically complete, showing that 
the presence of animal remains in the residue does not interfere with 
the lignin determination. 

In the case of the cellulose, considerable difficulty was experienced 
in filtering and washing the material after the second chlorination. 
This appeared to be due to the presence of colloidal material in the 
mass. On dissolving out the cellulose from this residue by 72 per 
cent sulfurie acid, considerable amounts of insoluble substance were 
obtained, as shown by table 5. 


TABLE 5 
CELLULOSE CONTENT OF Woop AND BOoRINGS 


(Expressed in grams obtained from 1 gram of original material) 


Serres I Series II 


Series I 


ist sample of borings Sample of borings 
—_—_—_—_—__————] 2d sample 
(1) (2) of borings (1) (2) 
Residue after chlorination................| 0.2620 | 0.2661 | 0.1420 | 0.2677 | 0.2714 
Residue after acid digestion..............| 0.1141 | 0.1357 | 0.0266 | 0.1265 | 0.1135 
Cellulose by difference......................| 0.1479 | 0.1304 | 0.1154 | 0.1412 | 0.1579 


It is not believed that the insoluble residue contained a great deal 
of animal matter, as such material appears to be largely soluble in 
72 per cent acid under the conditions employed. The residue is con- 
sidered as consisting largely of lignin which escaped chlorination, due 
partly to the protective action of the colloidal mass and partly to the 
fact that the chlorination was not continued as long as usual on 
account of mechanical difficulties. 

It is to be noted that the second sample of borings in Series I 
contains considerably more protein than the first sample of borings 
of the same series (see table 1). Nevertheless, it gave a much smaller 
yield of insoluble material in the cellulose determination, and the 
figures for cellulose and lignin were very similar to those from the 
other samples. This would tend to indicate that the methods used 
for cellulose and lignin are not affected by the amount of animal 
débris present in the sample. 

It can be shown that, even if the analytical methods are seriously 
defective, the greatest possible allowance for contamination of 
produets does not invalidate the general conclusion that the borings 
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contain a considerably smaller proportion of cellulose to lignin than 
the wood from which they were derived. If the cellulose figure is low, 
the correct value can in_no ease be higher than the total residue after 
chlorination (see table 5) and if the lignin is high, due to contamina- 
tion with animal remains, the correct value can in no ease be lower 
than the lignin value given minus the total protein of the sample. 
From tables 1, 2, and 5 we can then calculate the following: 


Serizes I 
Borings 
Serres II 
Borings 
(1) (2) 
Maximum possible value for cellulose. .....0..00.00...cccccccee 26.40 14.20 26.95 
Minimum possible value for lignin........ Prec oasroencnsee|| eases || 2vfeihe || BREe) 


In every case, the cellulose is materially less than the lignin, 
whereas in the original wood the cellulose is about twice as much. It 
appears impossible, therefore, to draw from the data any other 
conclusion than that the cellulose partly disappears during digestion. 

We have previously referred to the possibility that the change in 
the composition of the wood may occur after the material is ejected 
by the borer. The compositions of the first and second samples of 
borings in Series I furnish some experimental evidence on this point. 
Although the second sample was purposely left in the sea water for 
at least six months longer than the first, there was no significant 
reduction in carbohydrate constituents (see table 3). In view of the 
extreme resistance of wood to purely chemical action, and the absence 
of known cellulose-destroying fungi or bacteria in sea water, it seems 
more reasonable to ascribe the loss of cellulose and other carbohydrates 
to digestive action while in the body than to external agencies. 

Plankton is doubtless the principal food of Teredo as of other 
lamellibranchs, and on account of its high protein content is probably 
very suitable for purposes of growth and repair of waste. The teredo 
which is boring, and consequently growing to fill the larger cavity, 
requires, besides the protein food to provide for growth, a considerable 
additional amount of food to furnish energy for its boring activities. 
This energy could be supplied by the protein material of the plankton, 
but much more efficiently by carbohydrates, inasmuch as these last 
are completely oxidized and there is therefore no necessity of getting 
rid of nitrogenous produets. If, then, when its boring activities are 
greatest, the teredo has available a considerable supply of ecarbo- 
hydrate material to furnish the necessary energy and that available in 
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proportion to the amount of work to be done, it appears to be a most 
natural arrangement, admirably adapted to its needs. The carbo- 
hydrates of the wood therefore play an important part in supplying 
the teredo with energy when it is most needed. 

It does not appear probable that Teredo could subsist over any 
long period upon the wood alone, because of the neghgibly small 
amount of protein material. Especially during boring would con- 
siderable nitrogenous matter be required. The need for a simul- 
taneous supply of plankton is accordingly indicated. 

If the conclusion is accepted that wood tissue is partly digested 
and absorbed as food by Yeredo, some light is thrown upon the 
probable mechanism by which toxic substances injected into the 
timbers of marine structures protect against teredo attack. If partial 
digestion of wood occurs, it is clear that all substances contained in 
the wood must experience an intimate contact with the teredo’s 
digestive fluids over a considerable period of time. Optimum con- 
ditions then prevail for the absorption of toxic substances and their 
effectiveness is limited only by such factors as lack of solubility, 
inability of their solutions to penetrate the walls of the digestive 
tract, ete., these factors being dependent upon the properties of the 
agent and not upon the condition of exposure. No ease of failure of 
a given toxin to protect can be ascribed to physical isolation of the 
borings as we might expect if the wood were regarded as wholly 
undigested and merely mechanically handled by the teredo. 

These considerations offer practical suggestions in regard to (1) 
the commercial preservative treatment of marine timbers, and (2) the 
testing of the toxicity of preservative substances. We may conclude 
that the established practice of preserving marine timbers by impreg- 
nating the wood with toxic substances is a rational and efficient 
process for introducing these substances into the animal’s system, for 
it is clear that the teredo cannot bore into the wood without being 
exposed to the action of any toxins that are capable of entering 
through its digestive tract. As to methods of carrying out toxicity 
tests, it would appear that those methods which use the wood as a 
vehicle for carrying the toxin possess a distinct advantage over 
methods in which the toxin is introduced into the animal by some 
other means, on account of the greater certainty that contact with 
the digestive juices will oceur. 


In conelusion, the authors wish to acknowledge, and express their 
thanks for, helpful suggestions which they have received from 
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members of the Advisory Committee appointed by the University of 
California to codperate with the San Francisco Bay Marine Piling 
Committee. 


SUMMARY 


1. It has long been a debatable question whether or not the boring 
mollusks of the genus Teredo exercise any digestive action on the 
wood particles which are swallowed during boring ‘and retained for 
a time in the caecum before being passed to the outside. The absence 
of any conclusive evidence has suggested an experimental approach to 
the problem. 

2. A chemical analysis has been made of three samples of wood 
borings ejected by Teredo and of two samples of the original wood 
from which the borings were derived. 

3. The results indicate that the wood loses about 80 per cent of its 
cellulose and 15 to 56 per cent of its hemicelluloses during its passage 
through the digestive tract of Teredo. 

4. The carbohydrates which disappear are probably utilized as 
food by Teredo. 

5. The woody portions of the ejected material have a uniform 
composition of about 21 per cent cellulose and 55 per cent lenin. 
Possibly this represents the ultimate residue which the animal is 
unable to digest. 

6. The digestible carbohydrates in the wood may play an im- 
portant rdle in the economy of Teredo in supplying energy for its 
boring activities, supplementing the plankton diet upon which it 
mainly depends for growth and repair. 

7. Digestion of wood constituents by Teredo produces optimum 
conditions for the absorption of toxic substances contained in the 
wood. 

8. Impregnation of wood is an efficient method of introducing 
toxins into the borer’s system, either for commercial preservation of 
the wood or for testing experimentally the protective action of toxins, 
because of the assured contact between toxin and digestive fluids. 


Transmitted November 22, 1922. 
LABORATORY OF PLANT NUTRITION, 
AGRICULTURAL EXPERIMENT STATION, 
UNIVERSITY OF CALIFORNIA, 
and 
ZOOLOGICAL LABORATORY, 
UNIVERSITY OF CALIFORNIA. 
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EXPLANATION OF PLATE 


PLATE 18 


Fig. 1. Wood borings ejected by Teredo, magnified 300 diameters. Observe 
that in many of the particles the cell walls are visible. 


Fig. 2. Siphons protruding from blocks of wood containing Teredo. Photo- 
graphed in aquarium, natural size. The long siphons are the incurrent ones. 
The excurrent siphons are relatively short, usually protruding only two or three 
millimeters from the openings of the burrows. Note ejected wood borings 
around many of the openings. 
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VARIATIONS IN THE PALLETS 
OF TEREDO NAVALIS IN 
SAN FRANCISCO BAY 


BY 
ROBERT CUNNINGHAM MILLER 


INTRODUCTION 


During the course of the study of variations in the shell of Teredo 
navalis in San Francisco Bay (Miller, 1922), an investigation was 
made as well of variations occurring in the pallets of this species. 
The results of this investigation were for several reasons not incorpo- 
rated in the published results of the earlier study. As every collector 
of this group of mollusks is aware, it is extremely difficult to secure 
good series of pallets which have not been damaged by accident or 
erosion to such an extent as to render them unsuitable for a study of 
physiological variation. In the rather limited number of normal 
and well preserved pallets available in our collections, it was found 
that the index of individual variation was extremely high. The types 
of variation observed were not at all so definitely correlated with 
ecological conditions as is the ease with shells. Finally, variations 
in the pallets, although very striking as matters of observation, are 
not of such a nature as to lend themselves to statistical treatment. 
For these reasons it did not seem pertinent to include remarks on the 
pallets in our diseussion of variations in the shell. 

After the earlier paper had gone to press, however, there came 
to hand Bartsch’s recent (1922) monograph of American shipworms, 
in which certain minor differences in the pallets of Veredo are 
regarded as being of considerable systematic importance. One 
species, indeed (Teredo beaufortana), is offered for acceptance on 
the basis of pallets alone, the shell having not yet been discovered ; 
and in several other instances slight deviations in the pallets are 
emphasized to such a degree as to constitute what seems to be, to say 
the least, an impracticable precedent. It is perhaps desirable, there- 
fore, to set forth at this time such data as we have on variation in 
the pallets of Teredo navalis in San Francisco Bay, because of their 
bearing on the systematic treatment of the entire Teredo group. 
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DESCRIPTION OF THE PALLETS 


The pallets of Teredinidae are peculiar structures, characteristic 
of this family of boring mollusks. In Teredo navalis they are small, 
spatulate objects, consisting of a relatively broad blade, flattened on 
the inner surface, somewhat convex on the outer, into the base of 
which is inserted a typically narrow, eylindrical stalk. The stalk 
is caleareous and rigid. The blade also has its proximal portion 
calcified, but ends in a darker colored chitinous tip, which is more or 
less deeply excavated. 

The pallets are attached at the posterior end of the animal, on 
each side of the siphons, being inserted beneath a muscular collar, 
which covers the stalk and partly conceals the blade when the strue- 
tures are retracted (pl. 19, fig. 1). Ordinarily the siphons are 
protruded from the opening of the burrow for purposes of feeding 
and respiration; but if the animals are disturbed, or environmental 
conditions become unfavorable, the siphons are immediately with- 
drawn and the pallets are thrust into the opening to act as a plug 
(pl. 19, fig. 2), thus effectually keeping out intruders and affording 
protection for a considerable period of time from reduced salinities 
or other unfavorable conditions. The chitinous tips of the pallets, 
which are slightly flexible, doubtless permit of a more efficient closing 
of the burrow than would be the case if the entire structure were 
rigidly calcified. 

In the early stages of the teredo’s life in the wood, the nacreous 
lining of the burrow is partly visible at the surface, giving the appear- 
ance of a carefully sculptured doorway, with definite grooves dorsad 
and ventrad for the passage of the two siphons (pl. 19, fig. 2). With 
increasing age, however, this exposed part of the lining of the burrow 
becomes eroded or dissolved away; the posterior end of the animal 
is gradually withdrawn, the larger size of the pallets enabling them 
to close the tapering burrow without extending to the surface of the 
wood. Thus, in an older specimen, when the siphons are retracted, 
the only indication of its presence is an inconspicuous opening, as 
seen immediately to the right of the principal figure, plate 19, figure 2. 
The siphonal end of the animal, however, is never withdrawn in this 
way more than a few millimeters from the surface of the wood; and 
the nacreous lining is normally kept in good repair, forming a sheath 
into which the pallets may tightly fit when extended. 


1923] Miller: Variations in the Pallets of Teredo navalis 403 


GROWTH CHANGES 


We find, as we should expect of structures so useful in the economy 
of the animal, that the pallets are formed very early in the boring 
life. The larval teredo has hardly initiated boring activities when 
rudimentary pallets come into evidence, and these become functional 
when the animal is only one or two millimeters in length. In these 
early pallets the blade is short and. broad, and the stalk relatively 
long. But by the time the animal has reached an age of one month 
the pallets have assumed normal proportions, and, so far as our 
observations go, no changes ensue thereafter as a result of growth 
alone. 

A small series of pallets selected for age is shown in plate 19, 
figure 4. The factor of individual variation could not be entirely 
eliminated even in this limited group; but it is rather evident that 
such changes as occur after the first month are due primarily to 
effects of wear and a gradual darkening of the chitinous tip, which 
generally becomes more pronounced in the older pallets. Indeed, 
the pallet estimated to be one month old more nearly approaches what 
we consider the type of navalis than do the others in this series. 

In the selection of our material to illustrate variation, pallets 
adjudged to be less than one month old were eliminated, in order to 
avoid the error of including as variates specimens which might not 
yet have reached their normal proportions. 

The age of pallets was estimated by counting the ridges on the 
corresponding shells, as explained in our earlier paper (1922, pp. 
296 ff.). 
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NATURE AND CAUSES OF VARIATIONS IN THE PALLETS 


We have figured, in plate 20, series of pallets from three localities 
in San Francisco Bay, namely, Crockett, Dumbarton and Goat Island. 
For the location of these stations and a discussion of the ecological 
conditions characteristic of each one, the reader is referred to our 
earlier paper (1922, pp. 301 ff.). 

In each of the series in question, the pallet at the extreme left 
of the illustration is regarded as approaching the type of navalis, as 
figured, by Jeffreys (1869) in volume 5 of the British Conchology 
(pl. liv, fig. 2). The other specimens in the series represent depart- 
ures in greater or less degree from the type. The smaller size of the 
Dumbarton material is not regarded as significant; our specimens 
from this locality were secured from timbers exposed only a few 
months, whereas specimens from the.other two localities were taken 
when older. J 

In studying variation in the pallets, it is important that physio- 
logical factors should be separated so far as possible from purely 
physical ones. Of the latter there are those already mentioned of 
accident and erosion. The pallets are, from the nature of their 
function, much exposed to unfavorable cireumstances. In times of 
stress they form the barrier against undesirable and often lethal 
conditions. They are much subject to wear from being frequently 
thrust into the constricted end of the burrow. While in such position 
they may be eroded by organic acids present in the water or the 
wood. If a foreign object, a piece of floating driftwood, for example, 
comes violently into contact with the surface of a timber in which 
teredos occur, the pallets are likely to be broken. 

In plate 19, figure 4, it will be seen that even a pallet four months 
old may show very decidedly the effects of wear. In figure 5 of this 
plate we have compared a normal and rather typical pallet from Goat 
Island with an older pallet from the same locality which illustrates the 
maximal effect of age and erosion, the original form of the distal 
portion of the blade being entirely lost. The secondary calcareous 
aceretions about the stalk may be pathological; similar accretions 
have been noted in other cases, as in plate 20, figure 6 g, but are 
infrequent. 
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The pallets may also be secondarily modified by the nature of 
the burrow. If the course of the burrow deviates suddenly near the 
opening, the pallets will tend to be asymmetrical, with the stalk 
curved and inserted at one side of the median line, as in figure 6c, 
plate 20. If the burrow be straight for some little distance from the 
surface, expanding gradually and regularly, the pallets will usually 
be well formed, elongate, and tapering (pl. 20, fig. 7b). If the 
burrow expands suddenly, owing to an unusually rapid growth of 
the animal, or if the opening becomes enlarged, as may easily occur 
in soft wood, the pallets are likely to be broad and blunt in appear- 
ance (pl. 20, fig. 8 e). In other words, if they are to perform their 
function aright, the pallets must fit the burrow; hence they will be 
influenced by the factors determining the nature of the latter, such 
as rapidity of the growth of the borer, hardness of the wood pene- 
trated, and the degree of crowding, which often determines the course 
of the burrow. 

Excluding the foregoing factors, which may be spoken of as 
adventitious, we find yet a number of variations which we may term 
physiological, in that they are indirectly rather than directly pro- 
duced. These may be separated into two types, which for convenience 
we shall term individual and environmental, the former considered 
to be produced by obseure causes bound up in the physiology of the 
individual organism, the latter affording some evidence of correlation 
with conditions of the environment. 

As an illustration of individual variation, we would call attention 
to differences which frequently appear between two pallets of the 
same pair. Examples of this are shown in plate 19, figure 3. The 
differences between the members of each of the three pairs of pallets 
figured are so marked that they would not have been suspected of 
belonging to the same pair, had we not actually removed them from 
the animals. Variations of this sort cannot of course be attributed to 
factors in the environment (exclusive of those of an adventitious 
nature), which would be expected to operate alike on the two members 
of each pair; rather do they represent some unknown factor of the 
biochemical or other aspect of the organization of the animal which 
tends to asymmetry. 

We have found in our study of pallets that the range of this type 
of variation is so great as to render it extremely difficult to recognize 
variations resulting from ecological factors. It has been noted, how- 
ever, that pallets from the upper bay tend to have a heavier peri- 


406 University of California Publications in Zoology [VoL 22 


ostracum than those from the middle and lower bay, which corre- 
sponds with our observation concerning the periostracum of the shell 
(1922, pp. 311, 312), which was found to be thicker and rougher in 
the ease of specimens from the upper bay. It may be stated also, as 
a fact of general observation, that the chitinous tips of the pallets 
tend to be darker in color in specimens from the upper bay than 
in those taken elsewhere. This is not always true in individual eases, 
as will be seen by reference to plate 20; the tips of pallets 8 b, 8 d, 
and 8 g in the Goat Island series are almost as dark as the darkest 
of the Crockett pallets (fig. 6 g) ; but the proportion of pallets with 
a notably dark distal portion is greater among the pallets from the 
upper bay. 

It should be mentioned in this connection, however, that pallets 
taken near the mud line of a pile, or from waters containing much 
decaying organic matter, are likely to be much stained, as was 
observed in the shells (1922, p. 313). It is necessary therefore to be 
cautious in interpreting such data. 
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DISCUSSION AND CONCLUSION 


In the light of the foregoing data, it becomes pertinent to inquire 
in how far deviations in the pallets are to be regarded as of systematic 
importance. It is obvious, in view of the range of variation above 
pointed out, that if minor differences in these structures are to be 
looked on as specific characters, the describing of new species of 
Teredo can be limited only by the persistence of the investigator 
and his supply of paper and ink. 

The pallets of Teredo novangliae, according to Bartsch (1922, 
p. 20), ‘‘expand suddenly beyond the stalk, forming a decidedly 
” while in navalis ‘“‘they expand only gradually, 
It is interesting to note that from 


coneave outline, 
forming an almost straight line.’’ 
one locality in San Francisco Bay we have pallets which expand both 
gradually and suddenly, with several degrees between, the proximal 
outlines of the blade being straight (pl. 20, fig. 6 a), concave (figs. 6 ¢ 
and 6d), and even decidedly convex (fig. 6h; fig. 8f). A similar 
range may be pointed out in the series from Dumbarton and Goat 
Island. It is still further disturbing to find a hybrid form nearly 
straight on one side and concave on the other, as the pallet shown in 
figure 6 b, plate 20. 

Concerning Teredo morsei Bartsch, we learn that ‘‘the pallets 
are rather broad at the anterior termination of the calcareous portion. 
The corneous portion is rather short and deeply cut. The sides 
of the caleareous portion slope gently toward the somewhat curved 
and twisted stalk’’ (idem, p. 21). No figures of this species are given, 
but we venture to suggest that the description just quoted applies 
admirably to the last shell in our Dumbarton series (pl. 20, fig. 7 h). 

The pallets of Teredo beaufortana are ‘‘ 
elongate’’ than ‘‘true Teredo navalis’’ (ibid., p. 22), this being appar- 
ently the only character by which the two species may be distin- 
guished. It is interesting to note the degree to which the pallets 
figured for beaufortana approach the third pallet figured in our series 
from Oakland harbor (pl. 19, fig. 4). 

It is rather remarkable that a specimen figured from Crockett 
(pl. 20, fig. 6 a@) should so nearly approach the type of navalis as 
figured by Jeffreys (loc. cit.) and by Bartsch (1922, pl. 32, fig. 2), 
when we consider that the locality in question is the type locality of 


much narrower and more 
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Teredo beachi (ibid., p. 19). We feel compelled to state further that 
during three years’ intensive collecting in San Pablo Bay and the 
vicinity of Mare Island and Carquinez Strait by Kofoid and the 
writer, we have not seen any pallets which very closely approach 
the type of beachi as figured (ibid., pl. 32, fig. 4), although this is 
asserted by Bartsch (1921, p. 22) to be the form causing the extensive 
damage in this region. We have likewise sought in vain for pallets 
of the form in question in material collected from the Mare Island 
dikes in 1914 by Barrows. We are forced to believe that the pallet 
figured for this form has been either very badly drawn, or drawn 
from an extremely aberrant specimen. Whatever be the original of 
this figure, it is certainly not typical of anything occurring in the 
San Francisco Bay region. 

It should be noted in this connection that the material identified 
for Barrows by Bartsch as Teredo diegensis was taken from the type 
locality of beachi, and hence could not have been townsendi, as 
stated by Bartsch (1922, p. 27). The latter form occurs at only one 
locality in San Francisco Bay, namely South San Francisco (Kofoid, 
1921, p. 35), where Bartsch’s specimens were collected by Townsend, 
who was for a time employed by the San Francisco Bay Marine Piling 
Committee. It has never as yet been found in the brackish waters into 
which 7. navalis extends its range in San Francisco Bay. 

It would appear, then, that, unless their validity can be estab- 
lished on other grounds than the form.of the pallets, the proposed 
species beachi, novangliae, morsei, and beaufortana are in a some- 
what precarious position. The status of beachi as determined by the 
shell we have treated in an earlier paper (1922, pp. 313 ff.). The 
shell of novangliae is chiefly distinguished (Bartsch, 1922, p. 20) 
by the size of the auricle and the roughness of the median area, char- 
acters which we have shown (1922, pp. 309, 311) to be extremely 
variable. The distinctive character of morsei (Bartsch, 1922, p. 22) 
is ‘‘in having the ridges of the anterior area more numerous and 
much more closely spaced’’; these characters we have shown (1922, 
pp. 306 ff.) to be matters of age and environment. Teredo beaufortana 
we fear will have to await general recognition until its shells are 
brought to light. 

There is no reason to believe that variation in Teredo navalis 
is a phenomenon limited to San Francisco Bay. Rather is it a bio- 
logical factor to be reckoned with wherever the distribution of this 
species extends. Such being the case, we would urge extreme caution 
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in the recognition of new species in this group until their claims be 
established on the most incontrovertible evidence. This is especially 
desirable in view of the facility with which Teredo navalis invades 
estuarine harbors and is therefore subject to variation resulting from 
the amplitude of environmental conditions. 
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EXPLANATION OF PLATES 


PLATE 19 


Fig. 1. Siphonal end of Teredo navalis, showing position of pallets. X 5. 

Fig. 2. Pallets in position, closing entrance to burrow. The dark area at 
the right is the opening to the burrow of an older, retracted specimen. X 10. 

Fig. 3. Pallets arranged in pairs, illustrating variation in two members of 
the same pair. X 5d. 

Fig. 4. Series of pallets from the Oakland Harbor Light Station, represent- 
ing ages of approximately two weeks (?), one month, two months, three months, 
and four months, respectively. 

Fig. 5. Comparison of a normal and nearly typical pallet from Goat Island 


with an older one from the same location, showing maximal effect of age and 
erosion. 
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PLATE 20 


Fig. 6. Series of pallets selected to illustrate variation at Crockett, San 


Francisco Bay. 
Fig. 7. Series of pallets selected to illustrate variation at Dumbarton, San 


Francisco Bay. 
Fig. 8. Series of pallets selected to illustrate variation at Goat Island, San 


Francisco Bay. , 
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DIATOMS TAKEN AT HALF-HOUR 
INTERVALS NEAR SAN DIEGO, 
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BY 
WINFRED E. ALLEN 


(Contribution from Scripps Institute for Biological Research of the University of California) 


In the last two or three years the scientific staff of the Seripps 
Institution has been giving much attention to variations of hydrogen 
ion concentration (pH) in sea water and to the relationships of these 
variations to other phenomena, including variations in abundance of 
phytoplankton. 

The intricacies of the oceanic complex are so profound and the 
difficulties of observation are so great that it has, so far, been found 
impossible to make very satisfactory interpretations of conditions 
observed. Under present limitations it is evident that adequate 
foundation for interpretations can be laid only at the expense of 
much time and energy. There is, however, the possibility that valu- 
able indications as to the true path to reliable interpretations may be 
obtained through studies of less intricate complexes (e.g., small fresh- 
water lakes) or of special conditions involving marked differences in 
factorial relationships. 

After much consideration it was concluded that intensive study 
of tide-water at the entrance to a small bay might furnish valuable 
indications of the type mentioned. At 9 p.m. of November 3, 1922, 
our chemist, Mr. E. G. Moberg, our oceanographer, Dr. G. F. McEwen, 
and an assistant in hydrography, Mr. T. Woodward, began a series 
of collections of water samples at the entrance to Mission Bay (‘‘ False 
Bay’’) about six miles north of Point Loma, the entrance to San 
Diego Bay. These collections were taken at intervals of thirty minutes 
up to 5 p.M. on November 4. At the same intervals, beginning at 
9:30 p.M., twenty-five liters of water was filtered through a small net 
of No. 25 bolting silk and handled according to our regular method 
(see Allen, 1921). The present paper discusses the results of that 
work from the standpoint of the phytoplankton as represented by 
diatoms. Particular attention was given to variations in numbers 
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throughout the twenty hours. Dinoflagellates were also studied, but 
they were few in numbers and showed nothing of evident importance. 

Mission Bay occupies at high tide an area of nearly or about four 
square miles. At low tide it is reduced to channels and lagoons of 
less than half that extent. The deepest point at high tide is not far 
from the entrance according to the U.S. Coast and Geodetie Chart 
for 1902, which records twenty-eight feet. It is doubtful if any point 
so deep as that is to be found now. The mean depth at high tide is 


Fig. Graph to show half-hourly distribution of Diatome | 


in tide~water at Mission Bay Bridge , Nov. 3~4, 1923 
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probably not more than three or four feet. The entrance is narrow 
and the tidal flow correspondingly rapid. For a period of six months 
or more preceding the time of taking these collections there had been 
no rain and it had probably been four months since any fresh water 
drained into this bay. 

The accompanying graph (fig. 1) shows the character of the varia- 
tions in successive half-hours under the five conditions investigated. 
Each curve is correctly drawn to scale, though the seales are not 
indicated in this figure. The diatom curve was plotted on semi- 
logarithmic paper. As shown by the tidal curve, the records begin 
just before high tide in the evening and run to low tide the next after- 
noon. The influence of the tide upon specifie gravity and the number 
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of diatoms is very conspicuous throughout the twenty hours. The 
influence upon temperature and pH in the night is equally evident 
but it is not so apparent in the daytime. 

The largest number of diatoms (63,856 per liter) was recorded at 
6 a.m., two hours after low water, and the smallest number (3424 per 
liter) was recorded at 5 P.M. at the time of low water. pH was lowest 
(8.32) at low tide, 4 a.m., and highest (8.40) at high tide, 9:30 p.m., 
(pH not corrected for salinity). Specific gravity was lowest (1.02689) 
at or near both high tides and highest (1.02724) at 4:30 p.m., a little 
before low tide. The temperature was lowest (13.6° C.) at 4:30 a.m., 
just after low tide and highest (15.4° C.) at 1 p.m., three hours after 
high tide. Tide levels ranged from six feet at 9:30 a.m. to zero at 
5 p.M. Variations between the extremes mentioned may be followed 
by reference to figure 1. 

Study of this graph makes it plain that local topography and 
climatic conditions have a strong influence. At night, when this 
influence was least, all of the other four characteristics changed with 
the tide. In the daytime, when the shallowness of the bay water 
greatly magnified the solar influence on temperature, both tempera- 
ture and pH failed to respond to change in the tide. If low tide had 
come early in the afternoon of that day or later in the evening, it is 
probable that there would have been traceable change. In a larger 
or deeper bay, solar influence would not have been so immediate or 
so obvious. 

Although the numbers of diatoms and the specific gravity changed 
with the tide throughout the twenty hours, it is notable that the 
change was in a direction opposite to ordinary expectation. Since 
most bays which have been studied in any way at all comparable to 
this are continuously supplied with more or less fresh water, the 
change of tide would serve to dilute sea water and reduce the specific 
gravity. Therefore samples taken at the entrance should be slightly 
lower in specific gravity on the ebbing tide and slightly higher on 
the flowing tide. In the case of this bay, the enormous surface as 
compared with the mass of water evidently permits such rapid con- 
centration through evaporation that after several months without 
fresh-water increment there is a slight accumulation of denser water 
in the bay, and it is this factor that causes the condition of reversal. 
A similar (and consequent) explanation applies to the changes in 
diatoms. This explanation, however, must be taken with some caution 
on account of the many unevaluated factors influencing biological 
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production and distribution. Still, it seems to be fairly certain 
that diatom production would be somewhat limited by the higher 
specific gravity and more intense sunlight of a shallow bay of this 
type, hindrances which were here probably augmented by higher 
temperatures. 

The species of diatoms obtained in these collections were the typical 
neritic marine forms of the region. Ewcampia zoodiacus Ehr. was the 
most abundant and Chaetoceras debile Cl. was next. There is nothing 
in the appearance of the catches (except the débris) to indicate that 
they were not taken at our pier or in some of the boat series, off shore. 
Such components of the plankton give, of course, still further indi- 
cation that the diatom population was much more dense in the sea 
outside of the bay than it was in the bay at the time of making these 
collections. 

While these samples of water and plankton were somewhat dis- 
appointing in that they yielded no positive guides to general inter- 
pretations, they have very distinct value in that they show the 
importance of understanding local conditions when attempting to 
interpret chemical, physical, or biological phenomena. They also 
show the risk of trying to interpret natural phenomena from meager 
or localized or discontinuous or inappropriate data. They derive 
additional value through the proof they furnish that much valuable 
work can be done from a location such as this on the entrance to a bay. 
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This paper summarizes some of the results of two years of plankton 
collecting from the pier at the Scripps Institution for Biological 
Research of the University of California at La Jolla, California. The 
series consists of 3471 hauls extending from September 1, 1916, through 
August, 1917. All hauls were made at the surface of the water, using 
a conical plankton net of either No. 12 or No. 9 silk bolting cloth. 
The mouth of the net was fourteen inches in diameter and the length 
of the filtering portion about thirty-four inches. In making the 
collections the net was tied to a cord and towed from the end of a 
pole held over the edge of the pier. The distance it was hauled was 
about 80 feet, beginning about 100 feet from the end of the pier. 
A wide-mouthed four-ounce bottle was tied into the peak of the net 
so that upon draining the net the catch was swept into the bottle. 

Hauls were taken six times in twenty-four hours: at 8 A.M., noon, 
4p.m.,8P.M., midnight, and 4 a.m. In very rough weather the collect- 
ing was omitted, and it was agreed that there need be no towing 
between 4 p.m. on Saturday and 8 p.m. on Sunday. Occasionally 
emergencies arose that prevented hauling, but on the whole the 
program was adhered to very well. 

The author is responsible for the counting and identification of 
the Copepoda. The method of counting that was used throughout 
was, of course, one of sampling. The fluid in the bottle was decanted 
until a small amount, merely enough to contain the catch, remained. 
This residue was poured into a watch dish and the contents con- 
centrated by shaking the dish rapidly back and forth without lifting 
it from the table. It is possible to gather quickly into a compact 
mass objects as relatively heavy as copepods. If the haul was a small 
one copepods of the size of Acartia and larger were all counted. But 
in most cases there were too many to permit of counting them all; so 
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after the haul was concentrated the material was divided into two 
portions as nearly equal as possible, one of which was removed with a 
pipette. The remaining portion was shaken together again and half 
of it removed, if there still were too many organisms left to make 
fairly rapid counting possible. This procedure was repeated as often 
aS was necessary in order to reduce the amount to be gone over to a 
point where enumeration would not be an unreasonable burden. In 
the final counting the numbers were increased in proportion to the 
numbers of parts into which the whole haul had been divided; that is, 
if the haul had been divided into eight parts, the number in the one- 
eighth counted was multiplied by eight to give an estimate of the total 
number in the haul. Before any division of the collection was made it 
was looked over for rare or unusual forms. Note was also taken of 
the relative numbers of copepods that usually occurred, and if it was 
apparent that one sort was abundant while another was scarce, the 
number of the latter was estimated upon the basis of a larger fraction 
of the whole (if the entire number was not counted) than was used in 
the case of the more numerous form. 

It is fully realized that this method of counting is inaccurate so 
far as giving the numbers of animals actually present in a collection is 
concerned. That, however, was not the information most desired when 
the work was planned. The aim was to ascertain the relative numbers 
of different organisms under different conditions in regard to years, 
seasons, months, times of day, temperatures, salinities and other pos- 
sible factors. Those of us who have been concerned with the project 
from the beginning believe that this method of enumeration is 
adequate to throw a good deal of light on the problem of variations 
in numbers of the plankton copepods; and other members of the 
staff concur in this view. Even when every allowance is made for 
errors in counting, the number of hauls and of animals taken is so 
large that the errors are bound to balance one another. The crudity 
of the method is fully understood, and the numbers of animals set 
down in the tables are not thought of as important except in indicating 
relative abundance. The method does make it possible to work fairly 
rapidly and with a minimum of fatigue. There is no reason to suppose 
that any errors that may have occurred in the counting are systematic, 
though the extent of any one error may be large as regards actual 
numbers of animals involved. If one accidental error was made, others 
of the same sort must have occurred many times. But accidental 
errors tend to become eliminated as the number of observations in- 
creases, while, in the long run, systematic errors do not disappear. 
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The opportunity for another possible fault in this series should be 
recognized, namely, the method of collecting. The towing was done 
by seven different men, some of whom took the night hauls while 
others took the day hauls. Some worked on alternate weeks for a part 
of the two years and others worked week after week consecutively. 
It need hardly be said that changes in the personnel sometimes oc- 
eurred, so that new men had to work into the routine. There is no 
doubt that it would have been better if the collecting could have been 
done by the same two persons throughout the two years, but that 
was impossible. Perhaps there really are variations in the size of the 
catches, which are due to differences between the persons handling the 
net; but it seems very unlikely that in the long run such causes could 
have had any appreciable effect upon the final results. If one were to 
set about deliberately to obtain a larger or a smaller haul, practically 
all he could do would be to tow the net for a longer or shorter distance, 
or faster or slower. The understanding was that the net should be 
pulled through the water only fast enough to keep the cone extended, 
and no faster. This condition was easily complied with in the daytime, 
but at night it was hard to tell whether the net was moving fast 
enough. I know from experience that it would have been hard to 
pull the net at the end of the pole much more rapidly than was 
necessary to keep it extended. When we consider the large number 
of hauls made and the length of time through which the series 
extended, it is hard to see how personal differences could have affected 
the general results. 

Night collecting was subject to a source of error that did not 
affect the day towing. Sometimes in lowering the net into the water, 
air would be caught in the peak so that the end holding the bottle 
was out of water. This difficulty could be overcome in the daytime, 
but it is hard to tell how often it happened without detection during 
the night towing. It is certain, however, that we have hundreds of 
night hauls that were taken with the net properly submerged. 

Tn connection with this work no account has been taken of possible 
variations due to clogging of the nets. It is well known that new nets 
catch more than old ones. Our nets were used as long as they were 
not torn. If thought worth while, it might be possible to ascertain 
whether there is any constant relation between size of catch and con- 
dition of the nets, since the change from ‘old’ to ‘new’ is noted in the 
log books. 

Such factors as depth of water due to tide, currents, wave action, 
sand, wind velocity, and possibly other factors may have affected 
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relative abundance of the animals, but so far as this summary of 
results is concerned they have been neglected. It is worth noting that 
records were taken with the tide-recording machine for long periods 
during the two years, so that the occurrence of any possible correla- 
tion between tide and abundance may be investigated, should it seem 
desirable to do so. 

While the results of this series of plankton hauls are subject to 
certain sources of error, they are not affected by some other variants 
which relate to collecting from a boat. Allen (1921, p. 540) has given 
a list of conditions connected with boat collecting, and they certainly 
cannot apply to a set of collections made from a pier. The locations 
at which successive pier hauls were made could not be farther apart 
than the width of the pier, for in order to keep the net from being 
caught on the piling it was towed on the side away from the set of 
the surface drift. The rate at which it was drawn was practically 
uniform, since there could be no error due to drifting as there is in 
hauling from a boat. It is assumed, and is a fact which is reasonably 
certain, that the length of the haul was the same for all the hauls. 

This particular series of collections is of unusual value in the fol- 
lowing respects. (1) There has never been another series extending 
over such a long time, in which so many collections were made during 
each twenty-four hour period. In this particular at least, our series 
is unique. The work of Herdman and his associates extends through 
fifteen years, but their ‘official’ hauls were taken six times a week 
(Herdman, 1922, p. 141). (2) The collecting was done at a fixed 
location. (3) Temperature records were made for every haul, and a 
water sample from which the salinity was determined was taken at 
each haul. 

My work has dealt only with the Copepoda, which are by far the 
predominant animals. They are listed under four groups. Two 
species of the genus Acartia, A. clausi and A. tonsa, were set down 
in the lists as species. Other small Gymnoplea have been included in a 
mixed group called ‘‘small calanids;’’ the group includes the genera 
Clausocalanus, Ctenocalanus, and Paracalanus, and perhaps others 
closely related to them, but no attempt has yet been made to segregate 
the genera or species. A second mixed group consists of the Podoplea, 
comprising such genera as Oncaea, Oithona, Microsetella, Corycaeus, 
and others. There is no doubt that valuable facts may be obtained 
from a study of the occurrence of the genera and species of these two 
mixed groups, and their separation into at least the component 


1923] Esterly: Marine Copepoda at La Jolla 421 


genera is now in contemplation. In addition to the forms mentioned, 
several other species occurred rarely and in small numbers, so that 
their presence need only be mentioned. 

When the project of taking such an extended series of observations 
was being talked over, we felt that a tabulation of results would help 
in answering such questions as the following: (1) Is there a seasonal 
variation in abundance of copepods? If so, are the times of maximum 
abundance similar or different for different forms? (2) Are there 
diurnal (night and day) variations in abundance? If so, are there 
generic or specific differences as to the times of greatest abundance? 
(3) Is there any relation between variations in numbers of organisms 
and changes in such conditions in the water as temperature, for ex- 
ample, or salinity or acidity? 

The results we have arrived at thus far partially answer the first 
two questions, but correlations between abundance and the other 
factors mentioned have not been worked out as yet. 

In planning the work the intention was that E. L. Michael should 
handle the statistical part of the results. Before his death in 1920 
he had gone over some of the collection reports and had dealt with 
them by methods developed by him in collaboration with McEwen, 
Michael’s findings were never written up, however, and since his mode 
of working requires special knowledge of statistical procedure, it has 
seemed desirable to report on the collections without employing greatly 
refined methods of handling the data. Those of the present staff 
who have consulted on the matter believe that even these cruder 
tabulations show in a general way what has been gained during the 
two years, and, equally important, show also what has not been gained 
and whether the plan should be continued with or without modifi- 
cations. 

The method of computing used in preparing this summary was 
suggested to me by McEwen. The computations start with the average 
number of animals per haul, arranged under headings for each of the 
twenty-four months over which the observations extended and for each 
of the six times of day at which the collecting was done. Such an 
arrangement of the original data for one species is shown in table 1. 
The average per haul for the two years (last line of table) was used 
as a standard, and two methods were followed which may be called 
respectively the ‘‘ratio of the means’’ and the “‘means of the ratio.’’ 
By the use of these methods coefficients are obtained which make it 
possible to correct the original entries, so that in dealing with the 
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time of day relations the seasonal variability is eliminated and an 
estimate may be made of the reliability of the results which relate to 
the time of day. 


TABLE 1 


AVERAGE NUMBER OF ACARTIA TONSA PER HAUL, ARRANGED ACCORDING TO 
MontTHS AND TIMES OF Day 


Year and month 8 A.M. Noon 4PM. 8 P.M. Midnight 4 aM. 
1916 
TEXer : Sats 26 12 12 49 198 82 
DOR Roy 4 3 5 37 41 23 
Xo C 40 12 ti 74 53 130 
Dd eee ete ae 2 14 19 19 20 32 
1917 
1 es 4 19 5 5 10 
10 eseereacee 11 1 1 5 5 11 
TN: 6 5 47 80 83 207 
ON ere 37 10 9 46 59 63 
Witeee 4 1 34 93 63 121 
Wil: 5 1 1 82 148 38 
Vall 11 0 16 97 103 65 
VIIL.. 29 36 123 237 304 168 
LXE 25 2 334 270 60 220 
XG: 14 2 1 43 338 298 
ane 35 4 9 32 107 105 
UM. 11 13 42 85 66 109 
1918 
I 8 10 3 58 75 69 
1 tl Deepen : 65 0 0) 8 15 28 
MN ree fats 108 0 1 43 28 29 
IV 0.3 4 18 58 26 39 
Views : 20 10 0.5 95 76 21 
Vales 0 3 12 101 67 73 
WAU ee 288 947 469 915 1026 1406 
Vie 41 24 26 79 175 258 
Average... 35 47 50 119 131 150 


To give an actual example of the way in which the data were 
handled we may use the figures in table 1. The method of ‘‘ratio of 
the means’’ is as follows: (1) Add the average numbers of animals 
per haul at the six periods for the two years. (2) Divide the sum 
obtained by the horizontal sum of the entries for each month; the 
quotients are then the coefficients. (3) Multiply each of the original 
entries (table 1) by the coefficient for the corresponding month; the 
products are the values corrected for season. 

The method called the ‘‘means of the ratios’’ is as follows, refer- 
ring again to table 1. (1) The ratio of each entry in a column to the 
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average number of animals per haul for two years as it is given in 
the same column is determined. This process gives a table consisting 
of six columns and twenty-four lines. (2) The horizontal sum of each 
line (step 1) is divided by 6, which gives the coefficients. (3) Each 
of the original entries (table 1) is multiplied by the coefficient for the 
corresponding month. These products are the corrected values. This 
method constitutes a rough check against the first one. 


TABLE 2 


CoRRECTED DaTA FoR ACARTIA TONSA, COMPARING THE RESULTS OBTAINED BY THE 
METHODS OF ‘‘ MEANS OF RaTIos’’ AND ‘‘ Ratios or MEANS.’’ 


There is also a comparison of the first with the second year. 


Number of animals per haul Mean 
8 a.m. Noon 4 P.M. 8pm. Midnight 4 a.m. Apnea 
Means of ratios: 
JENEAST, SABE cesnerseoebece 81 25 97 184 478 377 207 
Second year.............. 203 41 165 479 684 651 370 
Ratio of means: 
Erste cal aeeeeeee 49 18 48 118 147 146 88 
Second year.........:.... 68 19 38 124 133 152 89 
Two-year average: 
Means of ratios... 142 33 131 331 581 514 
Ratio of means........ 59 19 43 121 140 149 


The mean annual abundance and the mean monthly abundance 
of the copepods may both be obtained from the values as corrected by 
either of the methods. The vertical sum of each of the six columns 
of corrected values is divided by 24, and the sum of the quotients is 
then divided by 6 to give the mean annual abundance. The mean 
monthly abundance is obtained by dividing the mean annual abundance 
by the coefficient for the corresponding month as derived by step 2 in 
either method. 

The results obtained by using the two methods check fairly well, as 
differences are usually in the same direction. In table 2 there appear 
the final results for Acartia tonsa as obtained by each of the methods, 
but for the other forms only the averages for the two methods have 
been set down. 

The probabilities in table 6 were determined from the corrected 
results by a method worked out by McEwen. The method has not 
been published, but it has been briefly described (McEwen, 1920, pp. 
263, 273). The figures giving the probability indicate the number 
of times a difference would occur if the results were due to chance. 
When the values are smaller there is, however, less likelihood that 
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the results are due to such a cause. The probabilities were determined 
from results corrected by the ratio of the means and by the means of 
the ratios, but only the averages are given in this paper. 


RESULTS 


On the whole the copepods were considerably more abundant 
during the second year. The totals in round numbers for the two 
years and for each year separately were as follows: Acartia tonsa, 
total 248,000; 86,000 the first year, and 162,000 the second; A. clausi, 
total 475,000; 182,000 the first year, and 293,000 the second; small 
ealanids, total 330,000; 184,000 the first year, and 146,000 the second ; 
Podoplea, total 4,350,000; 1,210,000 the first year, and 3,140,000 the 
second. The mean annual abundance, as given in tables 2 and 5, 
shows that all the forms except the small calanids were found in 
larger numbers during the second twelve months. 

If we consider the corrected values for the six periods (see table 
5) it will be noted that there is only one place (8 p.m. for small 
ealanids) where the number of animals per haul during the dark 
hours is not greater during the second year. During the light hours, 
howeyer, the larger numbers per haul appear more often during the 
first year. 

It seems evident that the mixed assemblage of genera called ‘‘small 
calanids’’ constitutes a group somewhat apart from the other Copep- 
oda in occurrence, when one year is compared with another. We 
cannot say much more than this until the genera and species have 
been segregated and the results tabulated. It is possible that there 
are one or two predominant forms whose distribution determines that 
of the group as a whole. 

The values for the mean monthly abundance of the animals show 
results that are similar to those that are indicated by the total numbers 
and by the distribution through the twenty-four hours. When the 
mean abundance for each month is compared for the two years (see 
table 3), it is seen that for nine months out of twelve the numbers of 
A. tonsa were greater in the second year; in ten months out of twelve 
the numbers of A. clausi were greater in the second year; in seven 
months out of twelve and in eleven out of twelve larger numbers of 
small calanids and Podoplea, respectively, were obtained in the second 
year. 

The mean monthly abundance shows clearly the season of the year 
at which the different copepods were most and least abundant. The 
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main results may be seen in table 3. Acartia clausi was obtained in 
largest numbers during March of both years. The season of least 
abundance or of complete absence extends over several months of each 
year, always covering July, August, and September. A. tonsa reached 
its greatest abundance in August of the first year and July of the 
second. The smallest numbers were obtained in January and February 
of the first year, and in March and May of the second. 


TABLE 3 


Mran MontuHty ABuNDANCE. THE Two MertTHops oF HANDLING THE DATA 
WERE USED AND THE RESULTS COMBINED. 


‘TI’ means first year (1916-1917); ‘II’ means second year (1917-1918). 


Average number of animals per haul 


Clausi Tonsa Small Calanids Podoplea 
I II I II I II I II 
September... .09 0 74 114 105 80 1365 1597 
October. 3 23 22 69 26 54 599 756 
November...... 81 34 61 70 13 51 378 565 
December ...... 49 125 35 91 21 166 248 2190 
January........... 72 90 14 53 12 75 181 746 
February........ 95 732 8 46 6 16 536 1259 
March 377 1347 80 35 50 103 429 2217 
Atri 54 1025 51 42 38 122 455 2100 
Misty arenes 33 329 33 28 58 58 242 1065 
JUNC eee. 26 24 28 66 46 if 682 1254 
Dlyercsce : 0 28 82 2295 356 71 1755 3226 
August........ (0) 21 203 204 167 108 1967 1547 


It is hard to say whether the fluctuations from month to month are 
significant, but there can be no doubt of the general fact that one 
of the species of Acartia is found in greatest numbers at the season 
when the other species is least abundant. 

There is a good deal of irregularity in the monthly abundance of 
the small calanids, and the results obtained during the two years do 
not correspond so closely as they do with Acartia. During the first 
year the small calanids showed a well marked maximum in July and a 
minimum in February. There were two maxima in the second year, 
in December and April, with the minimum in June. In considering 
the reasons for these irregularities, we should not forget the possi- 
bility that the composition of this mixed group of copepods may have 
been relatively different in the two years. At least there is nothing 
to indieate that the differences between the two years may not be due 
to the oceurrence of different genera. It would hardly be expected 
that the seasonal distribution would show such variability if the 
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several species comprising the group were present in approximately 
the same proportions in the second year as in the first. 

The Podoplea were present in largest numbers during three months 
of the first year, September, 1916, and July and August of 1917. They 
reached their minimum in January. During the second year their 
occurrence was much more irregular. There was a succession of 
larger and smaller numbers, the month of greatest abundance being 
July, followed by March, December, and May. The Podoplea were 
least numerous in November, with October and January next in order. 
It is impossible to say what the differences between the two years 


TABLE 4 


MEAN WEEKLY ABUNDANCE OF Two SPECIES OF ACARTIA DURING THE SEASON OF 
GREATEST ABUNDANCE. 


The results of the two methods of handling the data are combined. The figures 
give the average number of animals per haul. 


Clausi Tonsa 

1917 1918 1917-1918 
March 1-7 557 408 July 1-7........ BR eee if 306 
March 8-14... 835 635 July 8-14........ we betesentet RL 226 
March 15-21... . 940 1456 July 15-21........ See ROOTED Be 
March 22-28.. 127. 1705 July) 22-28 se es . 53 909 
March 29—April 4... 192 461 July 29—August 4.0.0... 53 275 
April 5-11 : 32 166 Atig stolen: ene eet 754 
April 12-18....... : 487 92271 August L2-l8iei OO 242 
April O25 eee 346 348 August 19=25 2 femurs 343 226 
April 26—-May 2 . 90 260 August 26-September 1.. 154 75 


may mean. The suggestion is not out of place, hoewver, that the 
relative numbers of the forms making up the mixed group were so 
dissimilar in the two years that the mean monthly abundance must 
have been different. This suggestion may be verified from the hauls 
themselves. 

In order to compare the two years in another way, the mean 
weekly abundance of the two species of Acartia was determined for 
the season when the animals were most abundant. A. tonsa was most 
abundant in July and August and clawsi during March and April. 
The results appear in table 4. A clawsi was present in largest numbers 
during the third week of March, 1917 (March 15-21), and during the 
week beginning April 12, 1918. But it should be noted that in the two 
weeks beginning March 15, 1918, there was a marked rise, which was 
followed by a drop in numbers. After that there came the rise to the 
maximum. In a general way the conditions of occurrence during 
1917 were similar. Although the time of the actual maximum was 
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different, it was followed by decreased numbers for three weeks, and 
in the fourth week after the actual maximum there appeared another 
marked increase which corresponded to the maximum of 1918. <A 
comparison of the two columns in table 4 that deal with A. clausi 
will show that there is a broad similarity in the occurrence of this 
copepod in the corresponding weeks of the two successive years. 
Acartia tonsa reached its actual maximum in the third week of 
July in both 1917 and 1918. For the next two weeks the numbers 


TABLE 5 


CORRECTED VALUES FOR NUMBER OF ANIMALS PER HAUL AT THE SIx PERIODS OF 
COLLECTING. 


The results of the two methods of correction are combined. 


Number of animals per haul Mean 


annual 
8 A.M. Noon 4 P.M. 8 P.M. Midnight 4 A.M. abund. 
First year: 
A. tonsa........ SOD 65 22 72 150 312 261 147 
PAwel sisters ; 97 45 97 212 199 210 143 
Small calanids........... 140 94 81 233 99 96 141 
Podoplea.................... “1304 990 1240 1425 1353 1480 1259 
Second year: 
A LONSA Seen ee OO 29 101 301 408 401 229 
A. clausi..... eases 85 38 40 276 363 391 282 
Small calanids........... 130 51 93 126 119 136 91 
IPodopleaece crs 2 884 987 1512 1439 1913 1384 
Average for the two 
years: 
AR CODSA: srncet.ceskestens 100 25 86 275 360 331 183 
DNS ENUM ireceppeechons Oreo 91 41 63 244 281 300 212 
Small ealanids......... 185 72 87 180 110 166 216 
Podoplediss--2-5 |) L257, 937 11138 1468 1396 1696 1321 


were relatively much reduced in both years. After that there was a 
noticeable increase during one week, which was followed by a marked 
drop (August 12-18). The close similarity between the two seasons 
ends there; but whatever the differences mean the points of corres- 
pondence are worthy of note. 

In any such investigation as this, the matter of diurnal distribu- 
‘tion is sure to come up. A casual examination of the collections will 
show that there are marked differences in abundance between the day 
and night hauls. In table 5 there is an arrangement of the corrected 
figures, and in table 6 are indicated the probabilities that certain of the 
differences in table 5 are significant. 

The changes in abundance that occur between 4 A.M. and 8 a.m. and 
between 4 p.m. and 8 p.m. are the most important ones, since they 
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relate to actual diurnal differences. But it is of interest to note the 
rather marked significance of the difference between numbers obtained 
at 8 A.M. as compared with noon. As is shown in table 6 the differences 
between 8 p.m. and midnight, and between midnight and 4 a.m., are of 
slight significance, but those between 8 p.m. and 4 p.m. and 4 a.m. and 
8 A.M. are very strongly significant. On the whole the results show 
that there is a marked excess of numbers at night, and this excess is 
not due to chance in the cases of Acartia tonsa and clausi where the 
probability has been determined. 


TABLE 6 
To SHOW THE PROBABILITY THAT THE DIFFERENCES BETWEEN NUMBERS OF 
ANIMALS PER HAUL AT DIFFERENT TIMES OF Day ARE SIGNIFICANT 
The figures are based on the corrected values and deal with the two-year 
averages given in table 5. 
Probability that 


8 a.m. 4 P.M. 8 p.m. 4 a.m. Midnight 4 aM. 
exceeds exceeds exceeds exceeds exceeds exceeds 

noon noon 4 P.M. 8 a.m. 8 P.M. midnight 

A. tonsa.......... . 0045 0087 .0005 .00012 13 see note 
A. clausi.-....... .0022 057 .00037 .0002 13 .039 
Small ealanids...... .0007 dies 042 10 044 015 
Podoplea........ . 0495 meiosis 028 1024, Fee 045 


Nore: The number of animals per haul for the two years was greater at mid- 
night than at 4 a.m., and the probability is .165 that the difference is significant. 


It will be noted in table 6 that the values under the headings 
“small calanids’’? and ‘‘Podoplea’’ are usually larger than those 
under Acartia. This difference is especially evident in the third and 
fourth columns. The probable reason for the larger values is that 
the small calanids and Podoplea are mixed groups. It is expected 
that when the species for those groups have been worked up, the day 
and night differences will be as great as for the species of Acartia. 


DISCUSSION OF RESULTS 


Since this paper is a preliminary one and in the nature of a report 
of progress, an extended discussion of the results obtained is hardly 
necessary. But some facts of general importance have been learned as 
well as some suggestions regarding methods, and these may well be 
pointed out. The tables show that there is considerable seasonal varia- 
tion in the copepod plankton, and the question is always present whether 
such variability is due to changes in the sea water. It is possible that 
correlations may be found between the relative abundance of the 
animals and hydrographic conditions, but, as has been pointed out 
by Herdman and Seott (1908), hydrographic changes will not deter- 
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mine the presence of organisms at times when they are not produced. 
Herdman and Scott (1908, p. 193) state that many seasonal variations 
are caused ‘“‘simply by the normal sequence of stages in the life 
histories of organisms throughout the year.’’ The reasonableness of 
this statement seems self-evident. In studying the changes of the 
plankton so far as it consists of Copepoda, it is highly important to 
know the developmental stages of these crustacea. 

The occurrence of phytoplankton undoubtedly has something to do 
with the occurrence of the Copepoda. The ecological relation between 
the two groups has not been taken up in the work at La Jolla, though 
extensive studies of the phytoplankton have been carried on for 
several years by Mr. Allen. It would be well worth while to know 
whether there is any relation between the maximal occurrence of a 
species or group of species of copepods and some component of the 
phytoplankton. So far as our own work is concerned, however, we 
must simply state that no facts have been ascertained regarding such 
matters. But when we consider the well established significance of 
both phytoplankton and copepods in the food eyele of the sea as 
affecting certain fisheries (see Michael, 1921, p. 555; Allen, 1921, p. 
538; Herdman, 1922, pp. 166-169) the need of ascertaining whether 
there is a relation between abundance of copepods and, for example, 
abundance of diatoms, will be emphasized. Aside from its ultimate 
bearing on fisheries, such a question is worth investigating because 
of the general relationship it bears to the ecology of the copepods 
taken alone, since they feed upon the plant cells. Does the seasonal 
occurrence of the micro-crustacea depend on the occurrence of the 
organisms on which they feed? May not some of the variability in 
distribution of the copepods be bound up with irregular occurrence 
of their food supply? We are not in a position to answer such 
questions as yet, but they are interesting and important subjects for 
investigation. 

Nothing in our results is more striking than the difference in 
seasonal occurrence of the two species of Acartia. Herdman obtained 
similar results in his work in the Irish sea, though his tables deal 
with separate genera instead of species in the same genus. Herdman 
found, for example, that Temora longicornis has its maximum in 
December, January, and February, while Paracalanus parvus is most 
abundant in September and least abundant in June (Herdman, Scott 
and Lewis, 1915, p. 233). It is almost certain that just as striking 
differences will be found between the genera or species of the small 
calanids and the Podoplea as between the species of Acartia. 
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It may be of interest to note that Herdman (1918, p. 197) found 
that Acartia clausi is most abundant in the Irish Sea from May to 
October, inclusive, generally reaching its maximum in June with a 
smaller rise in September or October. At La Jolla this copepod is 
most abundant in March, and not one specimen was recorded in July, 
August, or September of 1917. It is hard to account for such striking 
differences. The conditions are so complex that careful study of 
hydrographie and hauling data, as well as knowledge of the life his- 
tory of the animal, would be necessary to give an insight into the 
matter. 

Such of our data as relate to seasonal distribution of the copepods 
suggest that there is a natural sequence of events year after year. 
The occurrence of the animals for the twelve months from September, 
1916, to August, 1917, inclusive, is not strikingly different from that 
in the year following. Herdman (1922, p. 145) found the same sort 
of thing in his work. (See also Herdman and Scott, 1912, p. 154.) 
While strict uniformity from year to year was lacking, the broad 
features of the distribution were similar. In our pier series the 
similarity of distribution in the two years extends even to correspond- 
ing weeks, as has been shown in table 4. Our study might be carried 
farther by ascertaining whether the proportions of different species 
to the whole eatch and to each other are similar at like seasons of 
different years. If this should prove to be so, it would strengthen 
the view that there is a rather regular recurrence of phenomena year 
by year. 

Why should seasonal distribution of marine animals be essentially 
different from that of terrestrial forms, such as birds? It is well 
known that migrating birds appear in a given locality at about the 
same time of year, season after season. Minor irregularities from 
year to year are to be expected, and yet it is true that there is a 
reasonably regular appearance of a given species. 

So in the ease of the copepods or other organisms of the plankton, 
the time of the maximum for one year may lag behind that of another 
or may occur earlier, without upsetting the view that one year is 
broadly like another. Surely it would never be found that Acartia 
clausi would appear in greatest abundance in the fall or that A. tonsa 
would reach its minimum in July or August. There is every reason 
to believe that the times of the maximum and minimum of those two 
species will be the same year after year. 

This series of collections has shown beyond a doubt that the Copep- 
oda found at the pier are more abundant as a group on the surface 
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by night than by day. The evidence on this point is overwhelming 
for the two species of Acartia. The mixed groups also are present in 
larger numbers at night, though the differences here are not so signifi- 
cant as for Acartia. Since all the hauls wére made at the surface, it is 
not possible to state where most of the animals are during the day; 
but there cannot be any doubt that the appearance of the larger num- 
bers at night is due to an actual increase in the surface population, 
and not to inability of the animals to avoid the net in the dark. 

The diurnal migration of plankton animals is such a well-known 
phenomenon that much experimental work has been done in making 
attempts to ascertain the causes of their movements. Acartia clausi 
and A. tonsa have been worked with in the laboratory (Esterly, 1917; 
1919, pp. 16-22), and it has seemed from the experiments made there 
that a possible factor in the migrations is a physiolagical rhythm. 
Responses to external stimuli, at any rate, do not afford an adequate 
explanation. So far as the study of the pier collections has gone, the 
cause of the greater abundance at the surface at night is not indicated, 
although the fact of the diurnal change is firmly established. It remains 
to be seen whether more elaborate correlations will give a clue to the 
reason for the daily rhythm in the sea. 

Nevertheless, as has been so often urged in publications from the 
Seripps Institution, the natural history of the plankton cannot be 
known until abundant records of both field and experimental obser- 
vations are available. No amount of experimental work could show 
that tonsa is most abundant in July and August and clawsi in March. 
And field observations would never bring to light the physiological 
rhythm that obtains for both species. It is now possible, for the first 
time, to set about an investigation of the habits of these two plankton 
copepods in the light of accurate field data as well as of experimental 
data. 

It may be of interest to call attention to a suggestion that came 
from the laboratory observations. It was thought that the behavior 
of the two species of Acartia gave reason for believing that the 
numbers of animals at the surface would be greater during the colder 
months (Hsterly, 1919, p. 22). But our field data show that only 
clausi is most abundant when the water is coldest (March is one of 
the three coldest months), while tonsa is most abundant in July and 
August when the water is warmest. This instance shows how neces- 
sary it is to haye field data to check experimental observations. 

In conclusion it should be again pointed out that the purpose in 
mind in taking this series of collections was not to determine the 
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actual numbers of animals. The aim was to study daily, seasonal, and 
yearly fluctuations, and to discover whether they were related to 
variations in environmental conditions; and, if there were such a 
relation, to ascertain the effect of changes in the different factors. 
It is believed that the samples obtained are adequate and repre- 
sentative, and that the methods employed are sufficiently reliable 
to reveal certain broad, fundamental facts. It is uncertain how 
generally applicable the results are, for in other localities other con- 
ditions would prevail. But the investigations have undoubtedly given 
us a trustworthy view of what may be expected at the pier of the 
Seripps Institution. As regards methods and suggestions about 
procedure, it would be difficult to add to what has been said by Allen 
(1921, pp. 538, 541, 553). It seems perfectly evident that the prob- 
lems connected with study of the marine plankton cannot be solved 
until collecting has been done continuously over a long period of years. 
While our series, which runs through two years is valuable, it is not 
extensive enough. I believe that when such work is undertaken it 
should be planned to cover at least ten years. It is doubtful whether 
there is any need of taking as many hauls in a day as we did, but I am 
convinced that one haul during daylight and one during the night, at 
given times, is the least that can be expected to give adequate returns. 
Collections made at such intervals would undoubtedly be enough to 
enable us to detect unusual occurrences which might be missed if 
hauls were taken less frequently. Furthermore, hauls made at some 
level below the surface, at the same time that the surface hauls are 
taken, would be extremely valuable. But the most important thing is 
an unbroken continuity of collecting after the series is once started. 
Time of collecting, location of stations, kinds of nets, methods of 
dealing with the data—all these are of secondary importance in com- 
parison with continuity and extent of the series. 


SUMMARY OF RESULTS 

1. The series of plankton hauls extends over two full years and 
consists of over 3400 catches. All were surface hauls. 

2. The copepods were more abundant at the surface during the 
second year, that is, from September, 1917, through August, 1918. 

3. Two species of Acartia, clawsi and tonsa, are sharply set off 
from each other in seasonal abundance. Clausi is most abundant in 
March and April, tonsa in July and August, while clausi is least 
abundant in July, August and September, and tonsa is least abundant 
in the early part of the calendar year. (See table 3.) 
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4. The two years of collecting resemble each other even as to the 
weeks when the species of Acartia were most abundant, during the 
months when they occurred in largest numbers. (See table 4.) 

5. There is a very marked increase in abundance of all the Copep- 
oda in the night hauls, and such differences are markedly significant 
in the ease of the two forms of Acartia. (See tables 5 and 6.) 

6. The facts obtained regarding the seasonal occurrence of Acartia 
suggest that there is a natural and regular sequence of events year 
after year. 


OccwENTAL CoLLEGE, Los ANGELES, CALIFORNIA. 
Transmitted February 8, 1928. 
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FLAGELLATES CAUGHT BY AID OF 
THE KOFOID BUCKHET IN 1922 


BY 
WINFRED EMORY ALLEN 


(Contribution from Scripps Institution for Biological Research of the University of California) 


INTRODUCTION 


This is the second paper in an annual series dealing with material 
collected by boat at two certain stations located respectively ten and 
five miles directly seaward from the pier belonging to the Scripps 
Institution, about seventeen miles from San Diego, California. The 
methods of work were the same as in 1921 (Allen, 1923) and the 
routine was nearly the same. The most important change in collect- 
ing was the addition for each day of a closing bucket catch at the 
depth of forty meters. The operations occupied parts of May, June, 
and September. 

The boat (the Kaiyo) usually left the pier about 5:30 a.m. and 
ran directly to Station I, ten miles out. There the work of collecting 
micro-plankton was adapted to the requirements of the hydrographic 
and other observations, but in most cases the Kofoid closing bucket 
was lowered to the forty meter level by a little after 7:00 a.m. After 
being emptied through the filtration net of No. 25 silk bolting cloth 
it was filled at the twenty meter level. Lastly, it was used in taking 
a sample of water at the surface except when that sample could be 
more conveniently taken by dipping with an ordinary pail. Since 
the Kofoid bucket contains five gallons of water that was the amount 
uniformly filtered. 

The same order of sampling was afterwards followed at Station II 
located five miles out. Sometimes the order was varied at one or 
both stations and oceasionally sampling was done between the stations 
or at depths other than those mentioned above. 
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GENERAL DISCUSSION 


As in 1921, it was found that diatoms were distinctly more numer- 
ous than dinoflagellates throughout the May-June period in almost 
all catches at the various levels (table 1). The trend of distribution, 
however, was very similar in the two groups. Dinoflagellates as well 
as diatoms were fairly numerous in the catches when the series was 
first begun on May 18 and, like the diatoms, they decreased somewhat 
in numbers until about the middle of June, when increase in both 
groups occurred rather suddenly. This similarity was roughly true 
at all three levels. The range of change in production was greatest 
at the surface and the twenty meter levels (figs. 1 and 2, Station I and 


Station IT). 
TABLE 1 
TABLE TO SHOW AVERAGE NUMBER PER LITER OF DIATOMS AND DINOFLAGELLATES 
IN SAMPLES OF SEA WATER FROM THREE DEPTHS AT 
Sravions I anp II, 1922 


May-June 
Station I Surface 20 meters 40 meters 
Number of catches  <-2.2cc2cccceceecc-seeeeee ee 34 31 33 
Average per liter 
DDSI OS CTS ee pee etree ned rere eet 13,731 48,739 3,393 
Damo flare) aes yest ee cece ereeeceecese ee seeerennneee 416 267 143 
Station II 
INumiber) of: (catches)e:s-scscss- ese eee ee 34 31 31 
Average per liter 
A DYES C0) 01s ape Eee eS 15,249 52,226 7,409 
IDS AEN DEE GEY a eee 2,425 275 146 
September 
Station I 
INumiber (of catches) Sesser ee iol itil 9 
Average per liter 
Dyiatoms 22 2 2eccodsnsss< scene cesnceeeeeee eee 41 39 245 
Damo Hagel ates yess eee seee ee neers 432 152 763 
Station IL 
Number of ‘catches <2 11 11 10 
Average per liter 
DiatOms! 25228 occ eee 170 653 7,220 
Dinoflagellates 4,341 366 333 


In spite of such similarities as those Just mentioned, it has been 
decided that the two groups have not enough in common to be accept- 
ably treated as a general population of photosynthetic organisms. 
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Consequently they will receive separate treatment hereafter, the 
diatoms being given primary consideration because of their numerical 
superiority and more typical synthetic activities. 

In September the average number of dinoflagellates to the catch 


was considerably larger than in May-June excepting for the twenty 


meter level at Station I. On the average, dinoflagellates outnumbered 


STATION ek 
May ~ June 1922 
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Fig. 1 


the diatoms in September also except for the forty meter level at 
Station II. Both groups were represented by smaller numbers in the 
latter part of September than at the middle of the month. 


In the matter of productivity at different levels the genetal show- 
ing is considerably different from that of 1921. Im May-June, 1922, 
diatoms were distinctly more numerous at the twenty meter level, 
whereas in 1921 diatoms were found in largest numbers at the surface. 
Dinoflagellates were found most numerous at the surface and least 
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so at forty meters, whereas in 1921, at Station I, there was a slightly 
larger number at twenty meters than at the surface. A few supple- 
mentary catches at intermediate levels (tables 2 and 3) strengthen 
the indication that production in the 1922 series was greatest near 
or above the twenty meter level, and seldom great below the thirty 
meter level (see also figs. 1 and 2, Station I and Station IT). 

In September, 1922, the conditions were different in another way. 
The total population of diatoms was small, being most numerous, on 
the average, at forty meters at both stations. At Station I dino- 
flagellates were taken in larger numbers at forty meters, although at 


TABLE 2 
DIATOMS 


Miscellaneous depths. Numbers per liter. 


Station I Station IL 

A ~ A ~, 

June 1 June 12 June 26 June 1 June 19 June 26 
Surface 5,502 868 594 574 23,072 506 
5 2,240 1,274 ee 574 2353086) es 
10 2,520 826 1,848 588 486,069 748 
15 21,504 60285 560. © ees ee 
20 8,736 2,296 1,012 15,960 360,322 2,068 
25 283l 6 225 4 Se 45998 eee ee 
30; @ Noe a eee 15D: oo ae ees OHO, 
35 TU86 = ee ee eee 
40 7,208 966 3,498 3,822 65,814 3,300 
50 4,200 neces Pee ee 5 geteetg etc 
55) ee 196 i ee 21646 2 


Station II the most were found at the surface, as in 1921. The record 
of the averages for both May-June and September (table 1) gives 
a fairly good idea of the trend in the whole series of catches in 1922. 


In both May-June and September the average numbers caught, 
of both diatoms and dinoflagellates, were greater at Station II than 
at Station I at all levels (table 1). Unpublished results of chemical 
studies at the two stations (made by E. G. Moberg) show little differ- 
ence except that hydrogen ion concentration is slightly lower at five 
miles than it is at ten. Lacking information as to other influences, 
one is immediately pointed to the conclusion that Station II (five 
miles out) was more favored by organic content of the water or other 
shore effects than was Station I (ten miles out). This conclusion, 
however, in spite of its ease of application should remain open to 
question until more firmly established. Indeed, its application is 
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somewhat confused by the fact that average numbers at twenty meters 
at Station I were much greater than average numbers at the surface 
at Station II (table 1). 

In 1921 it was noted (Allen, 1923, p. 77) that greater numbers 
of species were recorded at the twenty meter levels than at the surface. 
In May-June, 1922, the number of species of diatoms at Station I 


STATION 2. 


May ~ dune 1922 
Graph to show logarithms of numbers 
er lier oF diatoms %2 Fefoid bucket calches 
Surface catches ————_— 
20 CP OR CACHES versencecceces 
40 r7Cler calches c0ceccccoccces 


was nearly the same at all three levels, but the number was greatest 
at twenty meters at Station IJ. In September the number of species 
of diatoms was greatest at the forty meter level at both stations. 
The number of species of dinoflagellates was greatest at the surface 
at both stations in May-June and at Station II in September. The 
limited evidence of the two seasons shows a tendency of the larger 
number of species of diatoms to stay some distance below the surface 
while the larger number of species of planktonic dinoflagellates tend 
to remain at or near the surface. In considering this matter of dis- 
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tribution of species, weight should be given to the fact that counts 
are made under relatively low magnification and segregation of 
species is very imperfect. It will be interesting to see if further 
studies support or contradict the evidence just stated. 


TABLE 3 
DINOFLAGELLATES 


Miscellaneous depths. Numbers per liter. 


Station I Station IT 

SS 

June 1 June 12 June 26 June 1 June 19 June 26 
Surface 308 126 462 252 8,553 484 
5 238 OG" 7 ees 280 L792; "Be 
10 266 168 308 252 2,553 418 
15 294 2; | | ees 322,66 —~a eeeee 
20 84 98 286 168 56 418 
25 iG Si ees 1960 8 = eee 
1 re BO es ee 224" Ee 
35 56 eae ee) ee eee 
40 140 14 242 154 84 110 
50 TO: ee ea ee ees 
55 S660 “eas. 1 Tae: i et Ie 

DIATOMS 


A total of fifty-two species of diatoms was provisionally recorded 
(see Allen, 1923, p. 77) for the combined series. Of these, only ten 
(exclusive of the catch-all assemblage, Chactoceras sp.) reached prom- 
inence sufficient to give them a place in the first five at either station 
or any level. Of the ten, only one, Nitzschia seriata Cl., was ineluded 
in the first five at all levels at both stations in May-June. In Sep- 
tember it was missing at the ten mile station at the surface and at 
twenty meters, although present at forty meters and at all levels at 
the other station. Chaetoceras debile Cl. (including Ch. curvisetum 
Cl.) was in the first five in May-June in all cases except the forty 
meter level at Station I, where it was sixth. In September it was 
prominent only at forty meters at Station II, corresponding very 
closely in occurrence with Nitzschia seriata Cl. 

Chaetoceras criophilum Castr. was among the five most prominent 
at the twenty and forty meter levels at both stations in May-June, 
but it was either absent or not conspicuous at other times. Hucampia 
zoodiacus Ehr. was most peculiar of all in that it was taken very few 
times at these stations but in very large numbers in three catches 
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(over 1,000,000 to the liter at Station I, twenty meters, on June 20; 
over 300,000 at Station II, twenty meters, on June 19, followed by 
over 200,000 on June 20; and over 58,000 at Station IT, forty meters, 
on June 19, followed by over 20,000 on June 20). This diatom is 
very easily recognized, so that there is no question as to its identity. 
On June 21, in a non-serial catch from the twenty-five meter level 
at the entrance to San Diego Bay, this species was found in numbers 
of about 2,720,000 cells to the liter. 

The six other species which deserve mention were Chaetoceras 
decipiens Cl., prominent at the surface only at both stations, Dactylio- 
solen tenwis Cl., at forty meters only at Station I, Lauderia borealis 
Gran., at forty meters at Station II in September only, Skeletonema 
costatum Grev., at forty meters, Station I, in September only, Thalas- 
siothric acuta Karst., at the surface, Station I, only in May-June, 
and Thalassiosira subtilis (2?) Ostf., at forty meters, Station I, only 
in May-June. 

Five of the ten species mentioned above had somewhat similar 
prominence in June-July, 1921, but Chaetoceras scolopendra Cl., 
which then was first at twenty meters at Station I, was not among 
the first five in any case in 1922. 

At two different times surface catches were taken at a point 
fifteen miles seaward from the pier. In both cases the catches were 
smaller than they were on the same days at the ten mile station. 
Occasionally surface catches were taken at points between the regular 
stations or farther inshore. From these there is some indication that 
slightly larger surface catches may be expected as the shore is 
approached. There were, however, some exceptions to this which 
show that uniform increase is not to be expected any more than is 
uniform distribution. 

Catches taken on a round trip to San Diego in June not only 
indicated heavier production inshore but much heavier production 
at the entrance to San Diego Bay. At the whistling buoy near Point 
Loma, a large catch was made at the surface, but one at ten meters 
was still larger, and another at twenty-five meters much larger. The 
extraordinary numbers of Hucampia zoodiacus Ehr. in all three of 
these catches make it very probable that this may have been an 
unusually concentrated swarm. Since, however, Eucampia was also 
unusually abundant at the regular stations for a day or two at about 
the same time, it may be supposed that it merely found exceptionally 
favorable conditions near Point Loma. This view is supported by 
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the fact that Chaetoceras debile Cl. and Nitzschia seriata Cl. showed 
similar differences on a smaller scale. 

Surface catches taken on a run thirty miles northward late in 
June gave no certain indication of anything except that catches of 
diatoms differ greatly in numbers at different points. There is not 
the slightest indication of uniform distribution over a wide area, 
although one may properly suppose that conditions may sometimes 
arise, just as they do on land, whereby some one plant is enabled to 
reach a very heavy production and therefore an apparent uniformity 
over a wide stretch of territory. 


DINOFLAGELLATES 


Although in most eatches dinoflagellates were not numerous in 
either May-June or September, a total of thirty-seven species was 
recorded. Of these only seven reached sufficient prominence to be 
listed with the first five in average production at any level. Of the 
seven Ceratium tripos (O. F. M.) was the only one prominent in 
May-June at all levels at both stations. In September it was among 
the first five only at the surface at Station II. In no case was the 
identification positive, the lateral horns usually being broken off close 
to the body. Prorocentrum micans Ehr. was among the first five at 
twenty and forty meters at Station I and at the surface at Station II 
in May-June and at all levels at both stations in September. Dino- 
physis homunculus Stein was among the first five at all levels at both 
stations in September. The other species represented in the first five 
at some place in the two periods were Peridinium divergens Ehr., 
Peridinium ovatum (Pouch), Peridinium steinii Jérg., and Ceratium 
furca (Ehr.). No eateh of dinoflagellates was so great as 30,000 to 
the liter, but this poor showing is probably due to the fact that both 
series of catches were taken at the wrong season for large numbers. 


PHYSICAL AND CHEMICAL CONDITIONS 


Although light is recognized as a prime factor in determining the 
quantity and distribution of diatoms (without considering other 
organisms), we have not yet developed a satisfactory method of 
identifying its influence in this area. Recent experiments in the 
Puget Sound region (Shelford and Gail, 1922), which show optimum 
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light conditions for brown algae to be from five to twenty meters 
below the surface, suggest the possibility that the influence of light 
tends to best production of diatoms within those limits. Maximum 
eatehes (average and individual) at twenty meters in 1922 at both 
of our stations may indicate that the influence of light was not offset 
by that of other factors to sueh an extent as to prevent it from 
determining the maximum at or above the twenty meter level. 


[ Temperatures. Station 1. 
Kofoid Bottle Catches - 1922 - May ~June 
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Hydrographic observations in 1922, as in 1921, were made on a 
plan somewhat different from that of the biological observations and 
there is still no fully satisfactory basis of detailed comparison for the 
results of the two types of studies. Inasmuch as salinities, specific 
eravities, and other items of hydrographic record follow very much 
the same trend of variation from day to day as that taken by tem- 
perature, it seems to be sufficient for present purposes to confine atten- 
tion mainly to temperature (figs. 3 and 4, Station I and Station IT). 

Whether it be direct or indirect, there seems to have been in 1922 
some very definite connection between changes in temperature and 
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changes in magnitude of the catches. This connection is obvious when 
comparing the graphs in figures 1 and 2 with those in 3 and 4. From 
mid-May to nearly mid-June there was fairly consistent decrease in 
production of diatoms at both stations and at all levels. The third 
week in June brought a rapid rise, followed in the fourth week by an 
equal decrease. Surface temperatures had been consistently rising 
and twenty and forty meter temperatures had varied consistently 
about a mean up to the third week in June, when there was a marked 
reduction at both stations at all levels. Pier temperatures varied 
along lines similar to the surface temperatures. 


TEMPERATURES. STATION 2. 
Kofoid Bottle Catches - 1922 - May ~-dune 
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Fig. 4 


This showing of larger catches in lowered temperatures is contrary 
to what was noted in 1921, when the principal increase in catches 
came close to rising temperatures (although the largest single catches 
were made in reduced temperatures, Allen, 1923, pp. 78-79). While 
such contradictory results make it very difficult to see the mode or 
extent of direct influence of temperature, they do not weaken the 
view that temperature is in some way a leading factor. Furthermore, 
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the difference in temperature between the surface and the other two 
levels is much greater than the fluctuations at any level during the 
period of collecting yet most of the species seemed to thrive at all 
levels even when their optimum was indicated at one. With such 
points in mind it seems possible, if not probable, that the lower 
temperatures from June 11 to June 22 at Stations I and II and at 
the pier indicate an extensive drift movement of water rather than 
an upwelling, such as we have usually assumed to be responsible for 
lowered temperatures. If local upwelling were responsible, the tem- 
peratures at twenty meters and forty meters ought to be much more 
nearly the same than usual and the surface should show less difference 
from the other two. Presumably, also, local upwelling should force 
the main diatom population close to the surface. 

Chemical records are still insufficient to attempt to trace the 
influence of given chemical factors upon distribution of the micro- 
plankton population. In the ease of hydrogen ion concentration, 
for example, it is practically impossible to say to what degree its 
fluctuation in this period is due to temperature, to flow of currents, 
to upwelling, or to fluctuations in the numbers and activities of 
photosynthetic and nonsynthetic organisms, or to what degree it 
influences fluctuations of other factors of the ecologic complex. 


CONCLUSION 


The conclusions stated for 1921 (Allen, 1923, p. 79) hold equally 
well for 1922. It may be worth while to note that the similarities 
of the records of collections from the three levels convincingly indi- 
cate that the methods employed are correct. 
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BY 
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(Contribution from the Scripps Institution for Biological Research of the University of California) 


INTRODUCTION 


By far the most important point in connection with the statistical 
studies here presented is the fact that three scientific organizations 
successfully codperated in accumulating and handling the material. 
The United States Coast and Geodetic Survey, by using its facilities 
for collecting and by employing the methods of the Seripps Insti- 
tution for surface observations and collections, was able to gather a 
large amount of important material; the Carnegie Institution con- 
tributed its facilities for taxonomic study; and the Seripps Institu- 
tion has contributed its facilities for statistical study of the material. 
The Coast and Geodetie Survey could not (if it would) handle the 
material without expanding its resources and applying them in lines 
subsidiary to the purpose of its existence. The Carnegie Institution 
could not readily adapt its resources and facilities to the collecting 
and the statistical examination. The Scripps Institution could not 
do such collecting and make the taxonomic studies without much 
greater resources than it has available. Furthermore, much of the 
information thereby procured is not otherwise obtainable. The three 
working together can therefore turn out a piece of good scientific 
work without overstepping bounds or straining resources, and can 
gain from their cooperation an increased mutual understanding and 
respect. 

Early in 1923 the U. 8S. S. Pioneer of the United States Coast and 
Geodetic Survey, which had been doing topographic work in the 
vicinity of Scripps Institution, La Jolla, California, made two round 
trips from San Diego to Cortes Bank, holding a variable course not 
far from Lat. 32° 35’ N. Forty-five samples of microscopic plankton 


* This paper is published by permission of Colonel E. Lester Jones, Director of 
U. 8. Coast and Geodetie Survey. 
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were collected. Each sample consisted of organisms caught by filter- 
ing five gallons of water (dipped from the surface of the sea) through 
a small net of No. 25 silk bolting cloth. On the first round trip 
catches were made on January 22 and 23, outbound, and on Febru- 
ary 2, inbound; on the second trip, outbound on February 5 and 6, 
inbound on February 8 and 9. These collections were turned over 
to the Scripps Institution for statistical study. For convenience in 
discussion the catches are arbitrarily assigned to five sections of about 
eighteen miles each. Beginning with Long. 117° 20’ W, the sections 
were numbered consecutively to Long. 118° 40’ W, each section 
including 20’ of longitude. Table 1 shows fairly well the surface 
distribution of the diatoms in these sections. 


TABLE 1 
Dratoms 


San Diego to Cortes Bank—January-February, 1923 
U.S. 8. Pioneer 


First Round Trip 


Section 1 2 3 4 5 
Catches 682 0 0 0 180 
132 0 0 18 18 
198 270 576 198 0 
54 5,984 432 450 90 
BSE Nite BAe be w fee ieee 13 
Total 1,352 6,254 1,008 666 301 
Average 270 1,563 252 166 60 


Average to the catch for first trip, 435 to the liter. 


Second Round Trip 


Section 1 2 3 4 5 - 
Catches 3,888 2,772 264 484 638 
7,150 18,898 198 132 88 
2,904 242 3,740 528 418 
15,104 4,576 2201198 ee 462 
poems 16,038 as aes 880 
ee ee, Ne |) eS 2,266 
Bet (eee pee 704 
Total 29,046 42,526 233,390 1,144 5,456 
Average 7,261 8,505 58,347 381 779 


Average to the catch for second trip—13,456 to the liter. 


on 
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Details of the hydrographic data do not have demonstrable con- 
nection with changes in the diatom population. Specifie gravity was 
extremely low once and temperature extremely low four times (as 
compared with the mean) on the first trip. If these extremes be 
dropped from consideration it may be said that both temperature and 
specific gravity were slightly lower on the second trip than on the 
first. There was also much more clear weather, especially at the time 
of lower temperature, on the second trip. The larger catches of the 
second trip were all made at temperatures slightly above or very near 
the mean. 


MATERIAL COLLECTED 


As shown by table 1 catches on the first trip were very light, only 
one (made about twenty-three miles west of San Diego) containing 
more than 1000 to the liter. On the second trip all catches in the 
first section were over 2000 to the liter, four out of five in the second 
section were over 2000, and two out of four in the third section were 
over 3000 to the lhter. While section four (directly south of San 
Clemente Island) and section five (nearer to Cortes Bank) yielded 
very small catches, the catches were nearly all larger than catches 
from these sections on the first trip. 

Such conditions obviously indicate not only an abrupt change 
from the non-produetive winter season, but also that the causes of 
change were operative over an area nearly ninety miles in width, 
extending from the coast line two-thirds of the distance across the 
continental shelf. Non-microsecopic, casual inspection of material 
collected at the La Jolla pier shows close agreement with this indi- 
cation in that production increases with the beginning of February 
and reaches its highest for that period about February 12. 

Diatoms.—On the first trip twenty-six species of diatoms were 
caught, on the second trip, thirty-five. These included practically all 
of the species which attain numerical prominence at any season. It 
therefore seems probable that prominence of particular species at 
certain seasons is due to especially favorable conditions rather than 
to wholesale migration into the local field. I do not think, however, 
that this view invalidates the supposition that drift currents may 
sometimes sweep a large population into any given area. LHither or 
both may account for increased production, according to circum- 


stances. 
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The exceptional catch of more than 200,000 to the liter at a 
point about seventeen miles southeast of San Clemente Island seems 
somewhat abnormal in comparison with all the others of the series. 
Chaetoceras scolopendra Cl. made up more than half of this catch, 
and, with other small species of Chaetoceras, comprised almost the 
whole number, although Bacteriastrum varians Lauder numbered over 
ten thousand. Evidently this is a good example of localized swarms 
of minute organisms which we know to occur in open waters. 

Except for the large catch im section three, nearly all the larger 
catches were made in sections one and two, and less than forty miles 
from shore. In a general way this fact supports the common suppo- 
sition that production of plants, even in open water, is greater near 
the coast. 

Most of the catches were made at intervals of one hour. Since 
they differ markedly in numbers, it is evident that distribution 
throughout the area was not uniform even in those cases where hydro- 
graphic data suggested the possibility of approximating to uniform 
environmental conditions. 

Dinoflagellates—The catches were also examined for dinoflagel- 
lates but in no cases were their numbers great enough to have any 
statistical value. All that can be said is that some were present. 

It was very fortunate that the U. S. S. Pioneer made two round 
trips over the same ground in quick succession for it showed excep- 
tionally well that within a very few days production may radically 
change over a wide area in the winter season. This showing has 
additional value because of the fact that it ran approximately parallel 
with a similar change at the pier and makes it more than ever prob- 
able that seasonal changes in production at the pier give a fair basis 
for judging the general character of seasonal changes in this oceanic 
area. 


Transmitted June 11, 1923. 
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I. INTRODUCTION 


An examination of a series of surface collections of zooplankton 
made at the pier of the Scripps Institution, La Jolla, California, 
indicates that Oithona nana is numerically the dominant Copepod 
throughout the year. The possibility that this is a hardy species, 
together with the fact that no single specimen of marine copepod has 
been bred through the successive stages from egg to adult, led to 
rearing experiments, the results of which are summarized in the 
present paper. 


Il. REARING EXPERIMENTS 


Rearing jars.—F lat-bottomed glass stender dishes 60 mm. in 
’ diameter and 30 mm. high were used as rearing jars. These proved 
to be large enough for proper growth of the specimens, and were 
easily oriented on the stage of the binocular microscope. Unnecessary 
handling of specimens was thus eliminated. The containers were two- 
thirds filled with unfiltered ocean water and placed in indirect north 
light. Except for a slight addition to compensate for evaporation, 
the water was unchanged during the entire experiments. Fungus 
erowth was controlled by increasing the intensity of light. Strong 
light caused the specimens to become very agitated. To prevent this, 
a portion of the jar was always kept shaded. A piece of fresh kelp 
about 1 mm. square was added to each jar and allowed to remain for 
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a week. Then it was removed, and a fresh bit added. There was a 
fair growth of the diatom of the genus Navicula throughout the 
experiment, as well as of small Protozoa, in the aquaria. 

Food.—Several specimens of Otthona nana collected at 8 A.M. 
showed yellowish brown organic débris, similar in color to kelp, in 
the stomach. A few pieces of the diatom Thallasiothrix were found. 
In two eases bits of copepod nauplii were recognizable. 

In the laboratory, adult specimens ate freely of the small bits of 
fresh and decaying kelp, and also fed somewhat—though far less than 
of the kelp, on the diatom Navicula. Nauplii began eating this kelp 
almost as soon as hatched. 


TABLE 1 


SumMMaARY OF RESULTS OF REARING EXPERIMENTS, OITHONA NANA, IN 60 MM. 
StTENDER DISHES, UNFILTERED OCEAN WATER 


Exp. A Exp. B Exp. C Exp. D Exp. E 
19 with sper- 
12 with eggs 19 1¢ matophores OM ct 19 12 Week 
Eggs 
thrown off] Eggs Eggs dead Eggs 1 
2 
11 Naupli dead 3 
No results 18 Nauplii No results 18 Nauplii 4 
5 
6 
9 Copepodid I ia 
11 Copepodid I 8 Copepodid I 8 
9 
10 
39 40 11 
62 3c 39 20 12 


Material.——Specimens sorted from the 8 a.m. surface collection at 
the pier were left in a large finger bowl of ocean water for twenty- 
four hours. Individuals in good condition were then transferred 
by means of a capillary pipette to rearing jars that had been pre- 
viously prepared. 

Each specimen was examined daily in the stender dish under a 
binocular microscope, and the results recorded. As soon as hatched, 
the nauplii were transferred to separate jars. After each molt the 
cast skin was removed, measured, and put into a vial with corre- 
sponding number. In this manner a complete record was kept of 
each specimen. 

Table 1 is a summary of the results of the rearing experiments 
with Oithona nana, first cycle. 
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A second cycle was then started from reared adults. Two females, 
B7 and B9, were transferred to a finger bowl with two males, E7 and 
E13 (table 1). Hight days later one female was carrying egg masses. 
From these, nine nauplii hatched, and two females and two males 
reached maturity. The life cycle from adult to adult was completed 
in ten weeks. 


Ill. STAGES OF DEVELOPMENT 


The eggs of Oithona nana are carried by the female in two saes 
until the naupli hatch. The number of eggs to a mass ranges from 
5 to 11. In experimental jars the nauplii appeared in 11 to 18 days. 


TABLE 2 


SumMARY OF LENGTH OF STAGES AND Bopy LENGTH, 
OITHONA NANA, REARED SPECIMENS 


Av. Length, Average length body 
Stage Days 

9 mm. co’ mm. 

Nauplius 1 1 0.04 0.04 
2 4 0.075 0.075 

3 6 0.097 0.09 

4 4 0.12 (0) nati 

5 5 0.15 0.13 

6 6 0.19 0.15 

Copepodid 1 5 0.20 0.19 
2 6 0.32 0.26 

3 5 0.38 0.34 

4 6 0.48 0.40 

5 6 0.52 0.45 

Adult (54 total) 0.55 0.48 


There are six naupliar, and five copepodid, stages before the 
animal is fully formed. The complete number was recorded for 12 
females and 9 males, as shown in table 1. 

Table 2 is a summary of the average length in days of each stage, 
and of the average body length for each stage of the males and females 
reared to maturity. 

From this table it is clear that the difference in size between male 
and female is evident.as early as naupliar stage 3. The adult meas- 
urements of the reared specimens are within the limits of the species 
as stated by Giesbrecht (0.5-0.65 mm.; 0.48-0.57 m.), though some- 
what smaller than those of specimens taken from the pier collections. 

The square-cut front of the head of the male (fig. 1) as opposed 
to the bluntly rounded head of the female (fig. 2), is recognizable at 
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naupliar stage 3. Segments one and two of the female urosome are 
partially fused. The constriction between the two segments is, how- 
ever, clearly visible. 
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Figs. 1-3, camera lucida drawings. Abbreviations: th., thorax; u., urosome. 
Fig. 1, front of head, male, X 250. Fig. 2, adult female, dorsal aspect, X 125. 
Fig. 3, Thorax and urosome in part, dorsal aspect: a, copepodid stage 1, male, 
X 250; b, copepodid stage 2, male, X 212; c, copepodid stage 3, female, X 212; 
d, adult, male, X 150. 


A minute examination of specimens reveals differences in the 
segments of the appendages and number of bristles in the various 
stages, as well as in the more obvious characters of segmentation, 
and number of appendages. The followmg key summarizes the 
general diagnostic characters for the immature stages of this species, 
which are clearly evident in an enumeration of zooplankton organisms. 
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-——--ant. 


Figs. 4-5, camera lucida drawings. Abbreviations: ant., anterior antenna; 
ap., appendage. Fig. 4, nauplius stage 1, ventral aspect, X 700. Fig. 5, nauplius 
stage 5, lateral aspect, X 212. 


Key To GENERAL DIAGNOSTIC CHARACTERS, IMMATURE STAGES, 
OITHONA NANA 
A,. Urosome present (fig. 2) CoPEPODID 
b,. Urosome of 1 segment; 3 thoracic segments (fig. 3a) - Stage 1 
b,. Urosome of 2 segments (partially fused in 9, fig. 2) ; 4 thoracic segments 
(WHEE, GHD). centeazececscesccee eect reer ee oe ee ere eee Stage 2 
b;. Urosome of 3 segments; 5 thoracic segments (fig. 3c) Stage 3 
b,. Urosome of 4 segments Stage 4 
b;. Urosome of 5 segments. 
¢c; Anterior antennae reaching to anterior margin of third thoracie 


FSCS Ecce ee ere cee Re Re ee eB Stage 5 

c, Anterior antennae reaching to posterior margin of third thoracic 

BSG PUTT Lk (EL CTsa esas ere a ee ceeereereaeee ACLU 

AC mUMOSOMeNaADSeD te (LOSS 40) Sse tence content cernee cen ernersace as Ser ee NaAvupPLis 
b,. Body segmented. 

¢,. Body with 3 pair of appendages -.................-...........-.-...----- stage 3 


c, Body with 4 pair of appendages. 
(hey WOES (pe TL SCY ACT ee ee eee eee 
d,. Thorax of 2 segments (fig. 5) - os 
c;. Body with 6 pair of appendages, 3 Hioseaia EQumenine: 
b, Body not segmented. 
c, Anterior antenna with 3 bristles on distal segment (fig. 4 ant. 


c, Anterior antenna with 4 bristles on distal segment ...........Stage 
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IV. CONCLUSION 


Twelve female and nine male specimens of Oithona nana Gies- 
brecht were reared from egg to adult. Six naupliar and five cope- 
podid stages were definitely established in each specimen. 


These rearing experiments warrant the following suggestions: 


(1) Some of the hardier marine copepods may be reared without 
expensive apparatus and methods. 


(2) Accurate record may be kept of single individuals. 


(3) Results may be given in form available for practical use in 
enumeration of the zooplankton. 
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INTRODUCTION 


Notwithstanding the considerable volume of literature on the 
Teredinidae which has appeared in the past 200 years, there is to be 
found no comprehensive and detailed account of the digestive tract. 
The present paper is an attempt to describe fully the gross anatomy 
of the entire digestive system of one species as a foundation for future 
histological and physiological studies and for comparison with other 
forms. 

The species treated is Teredo navalis Linn. (= T. beachi Bartsch, 
1921) as identified by Kofoid (1921) and by Kofoid and Miller 
(1922). The shells and pallets of the same species have been described 
at some length by Miller (1922 and 1923). Specimens used for the 
present study were collected from various points in San Francisco Bay. 


3) 
) 


Teredo has been the subject of many writings since 1733 when 
Sellius published the first extensive account of it. In all these there 
are but few detailed anatomical accounts. Deshayes (1845-1848) is 
a striking exception, but his figures, excellent as they are, are difficult 
to interpret. As in most accounts, the identification of the species 
described is in doubt. Deshayes calls his form Teredo navalis Linn., 
but this is doubtless incorrect. Quatrefages (1849) gives a brief 
anatomical account of a species which he names 7. fatalis. It is very 
similar to Deshayes’ Teredo, but he differentiates the two on features 
of the shell, siphons, and ovary. He calls the latter species T. deshayii. 
Beuk’s paper (1899) is concerned chiefly with the excretory organs, 
but he describes the digestive tract briefly and gives figures of it. 
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He deals with specimens from Trieste and also some from Naples, 
which he claims differ slightly, but he does not give a specific name for 
either form. The next important anatomical paper dealing with the 
digestive organs is that of Sigerfoos (1908), who studied Xylotrya 
(now Bankia) gouldi Jeffreys with occasional, references to Teredo 
dilatata Spengler (—=T. sigerfoosi Bartsch, 1922) and to Teredo 
navalis Linn. (= T. beaufortana Bartsch, 1922). In the account of the 
alimentary tract, only Yylotrya gouldi is discussed. The detailed 
anatomy of our species seems, then, to have remained undescribed. 
Comparison with some of the more salient points in the descriptions 
of the above authors will be made in this paper, but a detailed com- 
parative account had best await further knowledge of other species. 
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METHODS 


Dissections were made under alcohol with the aid of a binocular 
dissecting microscope, and were supplemented with cross and sagittal 
sections. Bouin’s, Zenker’s, and Gilson’s reagents were found to be 
equally satisfactory for killing and fixing. Being acid, they also 
decalcified the shell. A mixture of cedar oil and oil of bergamot in 
which was dissolved some anhydrous carbolic acid (Hycleshymer’s 
clearing fluid) was most satisfactory for dehydrating and de-alcoholiz- 
ing, following the use of 95 per cent alcohol. It was necessary to 
infiltrate with paraffin in partial vacuum to get good results. The 
sections were, as a rule, cut ten microns thick and stained with 
Delafield’s haematoxylin. Iron haematoxylin was also satisfactory. 

Ciliary currents were followed in the living animal by means of 
small quantities of red mereurie sulphide (vermilion pigment). This 
material is as fine as carmine, but much heavier, and therefore not 
hable to float above the cilia. Very fine carborundum dust was used 
as a substitute for the fine sand recommended by Kellogg (1915). It 
was fairly satisfactory. 
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MORPHOLOGY OF THE DIGESTIVE TRACT 


The Teredinidae present an extreme modification of lamellibranch 
structure. In most of the organ systems, however, the modification is 
mainly of shape and position while relations and essential features 
remain typical. The body is greatly elongated, the visceral mass 
occupying approximately the anterior fourth of its length, and the 
gills, the remainder. The small, globular shell covers only the anterior 
tip of the animal; most of the organs therefore lie behind the posterior 
adduetor musele instead of anterior to it as in most bivalves. The 
kidneys, heart, and pericardium have been elongated and rotated 
around this muscle through an angle of 180 degrees so that their 
morphologically posterior end becomes anterior and their dorsal side, 
ventral. This places the renal orifices at the posterior end of the 
viscera. The other organs lie below the morphologically dorsal wall 
of the pericardium. The genital orifices have followed the renal 
orifices posteriorly. The visceral ganglion has moved from its position 
beneath the posterior adductor muscle to the posterior tip of the vis- 
ceral mass. The cerebral and pedal ganglia and their connectives form 
the usual ring about the oesophagus. 

The digestive system has not been rotated but is extended poste- 
riorly ina long loop. The mouth and anus retain their usual positions, 
the former between the anterior adductor muscle and the foot, and 
the latter on the dorsal side of the posterior adductor. The oesophagus 
is the typical short, flat, ciliated tube. The stomach, however, is 
greatly elongated and relatively large. Its capacity is further aug- 
mented by a long, cylindrical caecum opening from its posterior end. 
The usual crystalline style and its mechanism are well developed, the 
sae of the style lying in the small, discoidal foot of the animal. The 
digestive glands are large and are closely applied to the stomach. The 
intestine is moderately long and it does not pass through either the 
heart or the pericardium. The anus opens into a long, anterior diver- 
ticulum of the suprabranchial cavity, the anal canal. More detailed 
comparison with typical lamellibranch structure will be made as the 
various parts of the digestive system are considered. 

The mouth (m., pl. 22, fig. 1; pl. 23, figs. 6, 7, 8; pl. 24, fig. 9), as 
in most bivalves, is a small, median, transverse slit. The dorsal and 
ventral lips are continuous, respectively, with a pair of dorsal, and 
a pair of ventral, labial palps. The dorsal palps (d. l. p., pl. 24, 
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fig. 9) are small and inconspicuous, but quite distinet, while the 
ventral ones (wv. /. p.) are reduced to slightly raised, ciliated patches 
on the sides of the foot. The under sides of the dorsal palps are also 
ciliated. The labial palps of other lamellibranchs are a part of the 
mechanism for bringing plankton, which serves as food, to the mouth, 
and this function is retained in Teredo. 

Kellogg (1915) has made a careful study of the ciliary mechanism 
for the capture and transportation of food in some thirty-six species 
of bivalves. No such investigation has been made for Teredo, but a 
few preliminary observations on the species we are studying indicate 
that a similar apparatus is present. Foreign particles touching any 
part of the body wall, mantle, or gills are immediately entangled in 
mucus secreted by the epithelium. Anything falling on the gills is 
quickly carried by cilia to the nearest branchial groove (b. g., pl. 22, 
fig. 1). The gills extend only a little way forward on the sides of the 
visceral sac, but the branchial grooves continue to the labial palps 
(b. g., pl. 22, figs. 2-5; pl. 24, figs. 9-13), and their cilia bear material 
rapidly forward to be taken into the mouth. This function was sug- 
gested by Sigerfoos (1908), though he was mistaken in supposing that 
the cilia on the mantle also assisted, as will be explained below. The 
cilia on the few gill bars at the anterior end of the body, the anterior 
guls (a. g., pl. 24, fig. 9), beat toward the groove. Unlike the more 
generalized lamellibranechs, cilia do not cover the visceral sae and the 
interior of the mantle, but are restricted to a narrow strip on the 
mantle opposite the branchial groove (ci., pl. 22, figs. 2-5; pl. 24, 
figs. 10-13). Here, particles entangled in mucus are borne rapidly 
toward the posterior end of the infrabranehial eavity. If the branchial 
groove is carrying forward more than a very small amount of material 
it is, without doubt, caught away and carried back by these cilia. 
Here we have a mechanism which determines on the basis of quantity, 
and not of quality, whether or not matter taken from the water shall 
reach the mouth. This is in accord with Kelloge’s findings in all the 
forms he studied, and is a clue to the analysis of the role of turbidity 
in the ecology of this borer. 

The palps of this species of Teredo are so reduced that it is doubtful 
if they exercise much, if any, control over the stream of plankton and 
other material from the water. Particles falling on the non-ciliated 
surface of the mantle or body are drawn into a ciliary current by the 
strands of mucus that are secreted. Material that is carried posteriorly 
by the cilia on the mantle is expelled from the pallial cavity. The 
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writer has seen a Teredo, which had been removed from the wood and 
was siphoning in a dish of water, collect excess sediment in the poste- 
rior part of the infrabranchial cavity and suddenly eject it through 
the in-current siphon, apparently by a quick contraction of the mantle. 
This corresponds to the action of mollusks with a closed mantle as 
described by Kellogg (1915), except that there the adductor muscles 
effect the contraction. There are cilia on the sides of the foot which 
carry particles upward to the labial palps. These ciliated tracts 
doubtless serve to collect wood fibers rasped off in boring. The details 
of the ciliary mechanism of T’eredo remain to be worked out, but it is 
apparent that there exists an apparatus similar to that of other 
lamellibranchs for the capture and transportation of plankton. 

Sigerfoos (1908) does not mention the labial palps. Deshayes 
(1845-1848) and Quatrefages (1849) both figure four long, narrow 
ones. It is evident that these structures will prove to be of value in 
systematic distinctions, at least for some species. 

The oesophagus (oe., pl. 22, fig. 1; pl. 23, fig. 6) resembles that of 
most lamellibranchs. It is short, dorso-ventrally compressed, and 
heavily ciliated throughout its length. It narrows posteriorly so 
that its width at the stomach is about one-half that at the mouth. In 
the walls are several longitudinal furrows. 

The stomach (pl. 22, fig. 1; pl. 23, figs. 6, 7, 8) is long and sub- 
cylindrical. Most of the digestive glands lie on the right side of the 
visceral mass so that the stomach lies somewhat to the left. Its ante- 
rior end (a. st.) is broadened toward the right and the posterior one 
(p. st.) is somewhat dilated. 

The stomach is always found nearly empty of food. Serial sections 
show a great deal of coagulated, lightly staining, digestive Juices with 
a small amount of wood fibers and plankton. This can be seen in plate 
24, figures 10 and 11. The other parts of the alimentary canal are 
usually full of plankton and wood chips, indicating that the passage 
of food through the stomach is relatively rapid. 

The digestive glands, or livers, which, primitively, are paired eva- 
ginations of the walls of the stomach (Pelseneer, 1906; Sigerfoos, 
1908), are broken up into a number of glandular masses in Teredo, 
each emptying into the stomach by one or more orifices. The glands are 
closely applied to the walls of the stomach so that no exposed ducts 
are present. Food material enters the proximal lumina of at least 
some of the ducts (pl. 24, fig. 11). For convenience we have desig- 
nated anterior, ventral, and posterior livers. None of these, except 


the posterior one, is a single mass. 
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In the pedal region there is a considerable amount of digestive 
gland, the anterior liver (a. l., pl. 22, fig. 1; pl. 23, figs. 6, 7, 8). This 
communicates with the stomach by several orifices of varying sizes in 
the right wall (a. st., pl. 22, fig. 1) and by one in the left wall. The 
latter orifice is in the anterior wall of the lateral pouch (J. p., pl. 23, 
figs. 6, 7). 

The ventral livers (v. l., pl. 22, fig. 1; pl. 23, figs. 6, 7, 8) are small 
and communicate with the stomach by four small orifices (v. h. o., 
1 1). 

The posterior liver (p. l., pl. 22, figs. 1-4; pl. 23, figs. 7, 8; pl. 24, 
figs. 10, 11, 12) is a large gland lying on the right side of the stomach 
at its posterior end. Its large duct opens to the stomach by a very 
large circular orifice (p. h. o., pl. 22, figs. 1, 3; pl. 24, fig. 11). 
Deshayes (1845-1848) describes many hepatic orifices in this region 
instead of the single large one found here in Sigerfoos’ (1908) species. 
Although the posterior liver is externally a unit, it is divided into 
two parts differing histologically. The cells composing the dorsal 
part are columnar, making the walls of the acini thick, while the cells 
of the ventral part are hardly higher than the diameter of their nuclei. 
This differentiation is indicated diagramatically in plate 22, figures 
3 and 4, and the external appearance is shown in plate 23, figure 8. 
The difference in the appearance of the tissues is quite marked in the 
photomicrograph, plate 24, figure 12. Sigerfoos (1908) describes this 
same condition in the species he studied. It will be noted that the 
presumably different secretions of the two parts must mix even before 
they reach the stomach, which suggests numerous physiological possi- 
bilities. The anterior and ventral livers exhibit no such differentiation. 

Besides the livers, the stomach bears four other diverticula: the 
caecum, the sae of the erystalline style, the dorsal caecum, and the 
lateral pouch. The most conspicuous is the large posterior caecum 
(c., pl. 22, figs. 1, 5; pl. 23, figs. 6, 7, 8; pl. 24, fig. 13). This equals 
or exceeds the stomach in capacity. It is cylindrical in shape, but 
the ventral wall is infolded to form an elaborate, two-coiled typhlosole 
(c. t.) extending its entire length. This caecum is always found full 
of wood chips, and it is here, presumably, that wood is digested. Only 
rarely have evidences of plankton been found in it, though they are 
common in the intestine. The great capacity of the caecum allows the 
wood, which is probably slow to digest, to remain there for some time. 
The typhlosole affords a large area for absorption and has an adequate 
blood supply. A large artery carries aerated blood directly from the 
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heart to the anterior end of the caecal typhlosole. The term caecal 
artery seems appropriate for this vessel (c. a., pl. 22, figs. 1, 4; pl. 24, 
fig. 12). After passing through the typhlosole the blood flows into 
the sinuses in that part of the body. 

Sigerfoos (1908) states that the interior of the caecum in the 
species he studied is ciliated. None of the present writer’s prepara- 
tions show any cilia whatever in the caecum, nor are the cells of the 
tall, columnar variety which usually bears cilia. The caecum of a 
living animal, just removed from the wood, was opened and the con- 
tents washed out with a pipette. Small quantities of mercurie sulphide 
and of fine carborundum dust were placed on various parts of the 
wall and on the typhlosole. There was no indication of any ciliary 
action, though such activity was very evident in other parts of the 
stomach and in the pallial cavity under like conditions. Slow writh- 
ing movements of the typhlosole were observed, however, and it is 
apparent that material is moved in and out of the caecum by muscular 
movements of the walls rather than by cilia. The experiment was 
repeated on several animals with similar results. This muscular 
movement approaching peristalsis is an unusual development in this 
order of lamellibranchs. 

The orifice between the caecum and the stomach (c. 0., pl. 22, 
figs. 1, 4; pl. 23, figs. 6, 7; pl. 24, fig. 12) is incompletely divided into 
two openings by two lateral infoldings of the wall. The right fold 
is continuous with the caecal typhlosole. This arrangement probably 
provides for simultaneous ingress and egress of wood chips through 
the two divisions thus formed. The musculature of this orifice has 
not been worked out. 

Deshayes (1845-1848) and Quatrefages (1849) describe a caecum 
strikingly different from that described here and by other authors. 
Deshayes ealls it the second stomach. It is thin walled, with a narrow 
orifice, and with a typhlosole (‘‘valvule’’) like a funnel. This second 
stomach doubles back on itself and ends blindly. It is buried in brown 
hepatic tissue. The intestine takes off from it. Quatrefages goes into 
less detail in describing his species but his figures indicate essentially 
the same structure. He denies, however, that the intestine leaves the 
caecum and believes this statement to be an error on the part of 
Deshayes. 

The sac of the crystalline style (= caecum, Nelson, 1918) (s. ¢. s., 
pl. 22, fig. 1; pl. 23, figs. 6, 7, 8) lies in a transverse position in the 
lower part of the foot, opening into the stomach on the left. The 
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whole mechanism of the erystalline style is essentially similar to that 
described by Nelson (1918) for other lamellibranchs. The sae is pyri- 
form and the interior is covered with the characteristic dense mat of 
long cilia. Extending from the mouth of the sae to its distal end is a 
small groove in the wall with a slight ridge on one side of it. The 
cells along this groove and ridge differ from those of the rest of the 
sac in that they stain deeply with Delafield’s haematoxylin, are nar- 
rower, bear shorter cilia or none at all, and have their nuclei close to 
the basement membrane instead of near the center or toward the distal 
ends. From Nelson’s deseription of other species, we conelude that 
these cells are the ones which secrete the substance of the crystalline 
style. This groove terminates distally in the orifice of a small appen- 
dix to the sae (pl. 22, fig. 1). This appendix (ap., pl. 23, fig. 8) is 
termed by Sigerfoos (1908) the tubular part of the sheath of the 
erystalline style. Its thin walls are made up of non-ciliated cells 
similar to those in the secretory groove and ridge and are continuous 
with them, indicating that it contributes to the formation of the style, 
as Sigerfoos suggests. <A large fold of epithelium overhangs the open- 
ing of the sae into the stomach (pl. 23, fig. 6). 

The crystalline style itself is of the usual clear, gelatinous sub- 
stance. It is shaped like a heavy club, the smaller, or ‘‘handle,’’ end 
of the club projecting across the lumen of the stomach to the opposite 
wall where it bears against the structure which Nelson (1918) terms 
the gastric shield (g. s., pl. 22, fig. 1; pl. 23, fig. 6). This shield is a 
thin, transparent, cartilage-like plate secreted by the epithelium of the 
stomach. It may be dissected out or may be seen in microscopic sec- 
tions. Its posterior and dorsal edges are marked by a faint ridge on 
the wall of the stomach. Ventrally it extends to the mouth of the 
sae of the style, and anteriorly it reaches into the lateral pouch and 
the dorsal caecum (d. c., pl. 23, fig. 6). 

Deshayes (1845-1848) does not mention the erystalline style nor 
the gastric shield. Quatrefages (1849), however, describes the style 
as lying in the foot. He believes that the second branch, or blind end, 


” 


of the ‘‘siphon’’ of the first stomach in Deshayes” description is the 
sac of the crystalline style. This is probably correct as it corresponds 
almost exactly in position and arrangement with that organ in the 
species we are studying. Quatrefages describes also a cartilaginous 
structure on the wall of the stomach which is probably the ‘‘fleche 
tricuspide’’ of other French authors, or what we now eall the gastric 


shield. Beuk (1899) figures, but does not mention, a long narrow 


a 
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sac for the style opening to the stomach near the caecal orifice. Siger- 
foos’ (1908) very brief description of the erystalline style and its 
attendant structures agrees with the present observations, though he 
does not mention the gastric shield. Barrois (1889-1890) in his 
classic paper on the crystalline style does not mention Teredo. 

Nelson (1918) reviews all previous investigations of this peculiar 
mollusean structure and contributes much original material. His 
conclusions as to its structure and function seem to end a lone contro- 
versy. The observations we have recorded here agree in all essentials 
with his descriptions of species in which the sac is entirely separated 
from the intestine. He did not examine any Teredo and makes only 
one or two references to their style. He mentions a style of similar 
shape, but of much greater proportions, in two other borers, Pholas, 
and Martesia. 

Nelson (1918) found that the style is slowly rotated by the cilia 
lining its sae and that it is gradually dissolved away. It thus helps to 
keep in motion the contents of the stomach, and the amylolitice fer- 
ments which it contains are set free to aid in digestion. The style in 
Teredo doubtless functions in a similar manner. 

In Teredo navalis the erystalline style seems small in proportion 
to the stomach, as compared with such forms as Martesia, Mya, and 
Donax. This suggests that it is concerned only with the digestion of 
plankton and that the ingested wood is cared for by other means. 

From the left antero-dorsal wall of the stomach projects a small, 
pointed diverticulum, the dorsal caecum (d. c., pl. 23, figs. 6, 7). This 
is called the secondary caecum by Sigerfoos (1908), but it is probably 
homologous with what Gutheil (1912) calls ‘‘Magenfalte’’ of Ano- 
donta. Nelson (1918) refers to this as the dorsal caecum and this 
seems to be the most appropriate term. This caecum is ciliated 
internally. 

Between the dorsal caecum and the orifice of the sac of the erystal- 
line style is a distinet outpocketing of the wall, which we have referred 
to as the lateral pouch (I. p., pl. 23, figs. 6, 7). It is overhung by a 
peculiar roll of epithelium. 

In lamellibranchs there is typically a typhlosole in the intestine, 
extending more or less throughout its length, and, as a rule, anteriorly 
into the stomach. In Teredo navalis this typhlosole, which we shall 
eall the gastro-intestinal typhlosole (g. 7. t.), originates at the hepatic 
orifice in the lateral pouch (pl. 23, fig. 6), passes across the stomach 
below the opening of the oesophagus and posteriorly along the right 
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ventral wall to the posterior hepatic orifice which it enters (pl. 22, 
figs. 1, 2,3). After circling the lumen of the posterior liver, it emerges 
at the dorsal edge of the orifice and passes posteriorly and ventrally 
into the intestine. Its fate there will be described in connection with 
the latter organ. From the hepatic orifice to the intestine, a small 
ridge lies opposite the free edge of this typhlosole. The gastro- 
intestinal typhlosole is ciliated throughout its entire length. 

A second fold, which we may eall the gastric typhlosole (g. t.), 
originates in the dorsal caecum (pl. 23, figs. 6, 7), passes above the 
opening of the oesophagus, and, running parallel to the previously 
deseribed typhlosole, extends to the posterior hepatic orifice where it 
ends (pl. 22, figs. 1,2). <A low, ciliated ridge (c. r.) parallels its free 
edge and continues on above the hepatic orifice and down to end 
beneath the right one of the two folds lying in the eaecal orifice (pl. 23, 
fig. 6). 

Between this ridge and the one accompanying the gastro-intestinal 
typhlosole is a row of small, transverse folds in the wall of the stomach 
(pl. 22, fig. 1). They extend from the posterior end of the gastric 
typhlosole to the fold under which the ciliated ridge ends. From the 
other (left) fold in the caecal orifice, around to the right fold, in a 
spiral course, is another row of more pronounced wrinkles and pockets 
(pl. 22, fig. 1; pl. 23, fig. 6). The appearance of these on the outside 
of the stomach is shown in plate 23, figure 7. 
two rows of irregular corrugations, which are of practically constant 


The function of these 


occurrence, is probably to increase the surface or the capacity of the 
stomach. 

There is a small ridge, or lip, above and below the opening of the 
oesophagus into the stomach. The ventral one extends some distance 
to the left between the dorsal caecum and the lateral pouch. 

Cilia do not cover the whole interior of the stomach as in more 
generalized bivalves, but are restricted to definite regions. The ciliated 
ridge and the gastro-intestinal typhlosole have been mentioned as 
being ciliated, but the ciliary mechanism of the alimentary tract has 
not yet been fully worked out in T’eredo as it has by Nelson (1918) in 
several other forms. A few observations on living animals, however, 
have shown strong, localized, ciliary currents, and further investiga- 
tion will probably disclose an elaborate mechanism for handling and 
sorting food homologous with that found in other species. The method 
of manipulating the wood chips which are ingested would of itself 
be an interesting discovery. 
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The intestine (7.), from its origin at the stomach (p., pl. 22, figs. 
NS plead. tess ONisnple 24, fig. 11), runs anteriorly a short distance 
and bends sharply upon itself. Its course is then back, remaining 
ventral, to the posterior end of the caecum, up around the latter and 
forward through the gonad, passing to the left of the caecal artery 
(c. a.) and posterior aorta (p. ao.). It goes under the posterior 
adductor muscle, bending a little to the left and then back to the 
mid-line, and ends on the dorsal side of this muscle in the anal canal. 
The intestine is not as straight as it is shown in the stereogram, but 
it makes no extensive convolutions or bends other than those indicated. 

The gastro-intestinal typhlosole enlarges in the intestine, a short 
distance from the stomach, and coils to the right, forming the large 
coiled typhlosole of the intestine (c. t. 7., pl. 22, figs. 1, 2; pl. 23, figs. 
7, 8; pl. 24, fig. 10). It then again resumes its former size and con- 
tinues to the sharp bend in the intestine. From here to the anus the 
typhlosole is entirely absent. Plate 23, figure 8, shows the dilation 
of the intestine to two or three times its diameter elsewhere for the 
accommodation of this unique structure. In this same figure can be 
seen the line where the intestinal wall folds in to form the typhlosole. 
At the distal end of the rectum are a few strands of sphincter muscle. 
The intestine is ciliated throughout. 

Sigerfoos (1908) gives a similar description, but in his species a 
small typhlosole extends throughout the whole intestine. Deshayes 
(1845-1848) and Quatrefages (1849) describe the intestine as being 
of uniform diameter throughout, indicating the absence of a coiled 
typhlosole. At the same time the intestine is longer and much con- 
voluted, though its general course through the body is similar. These 
two distinct types of intestine are easily observed and should prove 
of systematic value. The consideration of such internal characters 
may shed some light on the badly tangled taxonomy of the group. 

The intestine is always found to be full of wood chips and the 
remains of diatoms and other plankton. In a piece of intestine 
removed from a small living Teredo, the contents were observed to 
move posteriorly about one millimeter in two minutes as the result 
of ciliary action. 

The circulation of blood in the various parts of the digestive tract 
is still to be worked out in detail, but one of two major points may 
be mentioned. The whole tract, including the livers, is evidently 
bathed in blood carried in sinuses with connective tissue walls (Pel- 
seneer, 1906). The typhlosoles, however, have a definite arterial 
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supply. That of the caecal typhlosole has been described above. A 
small braneh from the posterior aorta (pl. 22, fig. 1) supplies the 
eastro-intestinal typhlosole at the bend of the intestine where the typh- 
losole ends. Another small branch (ar., pl. 24, fig. 11) goes to the 
dorsal edge of the posterior hepatic orifice, probably supplying the 
eastrie typhlosole. 


THE DIGESTION OF WOOD 


The extent to which Teredo digests wood and the conditions under 
which this digestion proceeds have an important bearing on the 
success or failure of methods of wood preservation, aside from their 
purely biological interest, Physiological and chemical evidence that 
wood is digested to a considerable extent has been accumulated 
(Harrington, 1921; Dore and Miller, 1923). The caecum with its 
large typhlosole has generally been accepted as good evidence for the 
digestion of wood, and the fact that a third or more of the blood 
leaving the heart is led directly through this typhlosole makes it 
certain that we have here a very effective organ of absorption. 

Evidence of the digestion of cellulose was found in the serial 
sections that were prepared during the course of the present investi- 
gation. The contents of the stomach, caecum, and intestine usually 
remained in place in the sections. This can be seen in the photomicro- 
graphs on plate 24. When sections were stained with Delafield’s 
haematoxylin, the wood fibers in the stomach and in the caecum took 
the stain, while those in the intestine did not to any appreciable degree. 
Since Delafield’s is a selective stain for cellulose (Molisch, 1921), it is 
evident that at least a part of the cellulose had been removed from 
the wood fibers during their stay in the stomach and caecum. Unfor- 
tunately the difference in color does not show in the photomicrographs. 
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SUMMARY 


1. The digestive tract of Teredo navalis Linn. is well developed, 
and although highly specialized, it retains the essential features of 
the typical lamellibranch system. 

2. The dorsal labial palps are small but distinet; the ventral pair 
are reduced but still functional. 

3. The usual ciliary mechanism for the capture and ingestion of 
plankton and for the disposal of excess sediment taken from the water 
is present in a slightly modified form, with additional ciliated tracts 
for the ingestion of the wood fibers obtained by boring. 

4. The stomach is long and subeylindrieal. 

5. The digestive glands are highly developed. The posterior one 
communicates with the stomach by a single orifice, but consists of 
two kinds of secretory tissue. 

6. The large caecum characteristic of the Teredinidae is present. 
A large artery carries blood directly from the heart to the caecal 
typhlosole. The interior of the caecum is not ciliated, but food is 
apparently moved by muscular activity. 

7. The erystalline style and its related mechanism are similar to 
that of many other lamellibranchs. 

8. A small, pointed dorsal caecum is present. 

9. The stomach contains two typhlosoles, one of which is continuous 
with that of the intestine. 

10. The cilia in the stomach are confined to certain limited tracts. 

11. The intestine is relatively short and contains a large coiled 
typhlosole near the stomach. Throughout the remainder of its length 
the typhlosole is absent. 

12. The whole digestive tract is bathed in blood carried in sinuses. 
The typhlosoles have a direct arterial supply. 

13. Comparisons with descriptions by other authors indicate wide 
differences in the gross structure of the alimentary tract in various 
species of Teredinidae. Such differences may prove of taxonomic 
value. 

14. Differential staining of wood fibers in the caecum and in the 
intestine is evident of the digestion of cellulose. 
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Fig. 1. 


EXPLANATION OF PLATES 


PLATES 21 AND 22 


Stereogram of Teredo navalis, anterior part, including the visceral 


mass, nearly all of the left half of the body having been removed to disclose 
structures lying in or near the sagittal plane. 


is to the reader’s left. 


The anterior end of the animal 
The left half of the stomach, removed in this figure, is 


shown in plate 23, figure 6. Animals killed in alcohol have the foot completely 
retracted and all the drawings have been made with it in this condition. Figure 
1 and figures 6 to 9 are stereograms and all are drawn to the same magnification, 
about 7 diameters. : 


Figs. 2-6. 


Anterior aspect. 


Anus. 

Anterior adductor muscle of the valves. 

Anterior aorta, homologous with the 
anterior aorta of other lamellibranchs, 
though running posteriorly in Teredo. 

Afferent branchial vein, paired anter- 
iorly, but single in the region of the 
gills. 

Anal canal, a forward extension of the 
suprabranchial cavity. 

Anterior liver. 

Afferent renal duct (paired). 

Anterior part of stomach. 

Auricle of the heart. The left one is 
shown cut off close to the ventricle. 
Branchial groove. One lies along each 
ventral edge of the gills, continuing 
forward on the side of the body to the 

labial palps. 

Caecum of the stomach. In figure 1 the 
left wall is removed, except from the 
posterior fourth. 

Caecal artery. 

Cerebral commissure, connecting the 
cerebral ganglia, which are widely 
separated. 

Ciliated strip on the mantle. 

Caecal orifice. 

Ciliated ridge. 

Caecal typhlosole. 

Coiled typhlosole of the intestine. 

Dorsal articulation, or pivotal knob, of 
the shell. 

Duct of the gland of Deshayes. 

Dorsal pallial fold. 

Efferent renal duct (paired). 

Foot. 

Gill. 

Gland of Deshayes in the gill lamellae. 
(Discovered and named by Sigerfoos, 
1908.) 

Gastro-intestinal typhlosole. 

Right genital orifice. 

Gastric shield. Only a small part of the 
right edge shows in figure 1. 

Gastric typhlosole. 

Intestine. The arrows point toward the 
anus. 

Infrabranchial cavity. The arrow indi- 
cates the direction of the flow of water. 

Integument of the visceral mass. 

Kidney, the tubular, spongy part of the 
excretory system. 
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Diagramatie cross-sections at the levels indicated on figure 1. 


Ligament of the shell. 

Lateral canal. These are later, anterior 
extensions of the suprabranchial cav- 
ity, communicating with the infra- 
branchial cavity through the anterior 
gills (see pl. 24, fig. 9). 

Mouth. 

Mantle. 

Right oviduct. 

Oesophagus. 

Ovary. In male specimens the testes are 
similar in extent and relations (see 
pl, 24, figs. 11-13). 

Pylorus. 

Posterior adductor muscle of the valves. 

Posterior aorta, homologous with the 
posterior aorta of other lamelli- 
branchs, though running anteriorly 
in Teredo. 

Pallial artery, a continuation of the pos- 
terior aorta after it has looped over 
the posterior adductor muscle. 

Pericardium. Posteriorly it bifurcates, 
one auricle of the heart extending into 
each ramus and one afferent renal 
duct opening from each. 

Pedal ganglia. The two are fused. 

Posterior hepatic orifice. 

Posterior liver. 

Posterior, pyloric region of the stomach. 

Right renal orifice. 

Right reno-pericardial orifice. 

Septum, separating regions that are 
probably homologous with the pedal 
and venous sinuses. 

Supraoesophageal artery, a branch of 
the posterior aorta. 

Suprabranchial cavity. The arrow indi- 
cates the direction of the flow of water. 

Sac of the crystalline style. Figure 1 
shows the distal end from the inside. 

Stomach. 

Ventricle of the heart. The arrows at its 
anterior end indicate the direction of 
the flow of blood. 

Ventral articulation, or pivotal knob, of 
the shell. 

Visceral ganglia. 

Ventral hepatic orifice. There are four 
of these, as shown in figure 1. 

Ventral liver. 
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tious at the levels indicated on figure 1. 


Ligament of the shell. c 

Lateral canal, These are later, anterior 
extensions of the suprabranchial cav- 
ity, communicating with the infra- 
braachial cavity through the anterior 
gills (see pl. 24, fig. 9). 

Mouth, 

Mantle. 

Right oviduct. 

Ocsophagus. a ; 

Ovary. In male specimens the testes are 
similar in extent and relations (see 
pli 2A, figs. 11-13). 

Pylorus. j 

Posterior adductor muscle of the valves, 

Posterior aorta, homologous wi G 

osterior aorta of other lamelli- 

branchs, though running anteriorly 
in T'eredo. 5 

Pallial artery, a continuation of the pos- 
terior aorta after it has looped over 
the posterior adductor muscle. 

Pericardium. Posteriorly it bifureates, 
one auricle of the heart extending into 
each ramus and one afferent renal 
duct opening from each, 

Pedal ganglia. The two are fused. 

Posterior hepatic orifice. 

Posterior liver. _ ay . 

Re apne region of the stomach. 

Right renal orifice. _ 

Right reno-pericardial orifice. , 

Septum, separating regions that are 
probably homologous with the pedal | 
and venous sinuses, ; eG 

Supracesophageal artery, a branch of 
the posterior aorta. an 

Suprabranchial cavity, The arrow indi- 
eates the direction of the flow of water. 

Sac of the crystalline style. Figure 1 
shows the distal end frorm the inside, 

Stomach. f 7 

Ventriole of the heart’ The arrows at its — 
anterior end indicate the direction 
the flow of blood. 

Ventral articulation, or plyotal knob, of 
the shell. om 

Visceral fan lg 7 *« 

Ventral hepatic orifice. There are four 
of these, as shown in figure 1. 

Ventral liver. 
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PLATE 23 


Teredo navalis L. 


Fig. 6. Interior of the left half of the stomach, the part not shown in plate 22, 
figure 1. The arrow passes through the orifice of the sac of the crystalline style to the 
gastric shield. 

Fig. 7. Lateral, external view of the stomach from the left. 

Fig. 8. Lateral, external view of the stomach from the right. 


a.l. Anterior liver. g.t. Gastric typhlosole. 
ap. Appendix of the sac of the crystalline 2. Intestine. 

style. Lp. Lateral pouch. 
c. Caecum. m. Mouth. 
c.0. Caecal orifice. oe. Oecsophagus. 
cr. Ciliated ridge. Pp. Pylorus. 
c.t.i. Region of the coiled typhlosole of the p.l. Posterior liver. 

intestine. p.st. Posterior, pyloric region of the stomach. 
d.c. Dorsal caecum. S.d. Supraoesophageal artery. 
git. Gastro-intestinal typhlosole. s.c.s. Sac of the crystalline style. 
gs. Gastric shield. vl. Ventral liver. 
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PLATE 24 
Teredo navalis L. 


Fig. 9. External view of the anterior end of the body from the right. Part of the 
right valve and mantle have been dissected away. 

Figs. 10-13. Photomicrographs of cross-sections of a small male specimen, 
anterior aspect. These four figures correspond, respectively to figures 2, 3, 4, and 5 
on plate 22. Since the photomicrographs are of a smaller animal than that repre- 
sented by the diagrams, the acini of the liver and the lobules of the gonad are rela- 
tively larger in the former.’ Magnification 25 diameters. 

The specimen from which these sections were made was taken from a pile at 
Crockett, San Francisco Bay, on July 6, 1922. It was fixed in Gilson’s fluid, imbedded 
in parafin, the sections-cut 10 microns thick, and stained in Delafield’s haematoxylin. 


a.a. Anterior adductor muscle. g.i.t. Gastro-intestinal typhlosole. 
a.ao. Anterior aorta. g.t. Gastric typhlosole. 
a.b.v. Afferent branchial vein. 1. Intestine. 
a.c, Anal canal. ib.c. Infrabranchial cavity. 
a.f. Anterior pallial fold. in. Integument of the visceral mass. 
ag. Anterior gills. ee Kidney. 
ar. Artery to dorsal edge of hepatic orifice. Le. Lateral canal. 
Also indicated on plate 22, figure 3. m. Mouth. 
a.r.d. Afferent renal duct. ma. Mantle. 
au.s. Auricle of the shell. p. Pylorus. 
b.g. Branchial groove. p.a. Posterior adductor muscle. 
(B Caecum. p.ao. Posterior aorta. 
c.a. Caecal artery. p.ar. Pallial artery. 
ct. Ciliated strip on mantle. pe. Pericardium. 
c.0. Caecal orifice. p-h.o. Posterior hepatic orifice. 
C.r. Ciliated ridge. pl. Posterior liver. 
c.t. Caecal typhlosole. 3: Septum. 
c.t.t. Coiled typhlosole of the intestine. sh. Shell. 
d.D. Duct of the gland of Deshayes. te Testes. 
d.f. Dorsal pallial fold. v. Ventricle. 
dlp. Dorsal, or external, labial palp. v.d. Ventral articulation of the shell. 
er.d. Efferent renal duct. v.l.p. Ventral, or internal, labial palp. 
if Foot. 
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Gastrotricha, 106. 

Geyer, cited, 316. 

Glaucoma, 85. 

Gloeocapsa conglomerata, 36. 

gelatinosa, 38. 

Goat Island, locality for Teredo 
navalis, 298, 299, 300, 302, 304, 
306, 308, 310, 312, 314, 315, 350, 
404, 406. 

Goelenkinia radiata, 46. 

Gomphonema acuminatum, 61. 

constrictum, 53, 61. 
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olivaceum, 61. 
subeclavatum, 53, 61. 

Gomphosphaera aponina, 36. 

Gonium pectorale, 74. 

Gonyaulax polyedra, 344. 

Grammatophora marina, 338. 

Gran, acknowledgment, 338. 

Gymnodinium, 75, 344, 375. 

Gymnoplea, 420. 

Gyrosigma acuminatum, 54. 

attenuatum, 61. 
kiitzingii, 48, 54, 61. 
parkerii, 61. 
scalproides, 48, 54, 61. 
spencerii, 54, 62. 

Halteria grandinella, 81. ‘ 

Harring, acknowledgment, 5; cited, 
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Hastatella radians, 81. 

Heliozoa, 78, 112, 119. 

Hemiaulus heibergii, 338. 

Hemicelluloses, determination of in 
wood digested by Teredo navalis, 
389, 390, 391, 392, 393, 397. 

Hemidinium, 119. 

nasutum, 70. 

Heterophrys fockei, 78. 

Holophrya, 82, 119. 

Homoeoeladia acicularis, 62. 

amphioxys, 62. 
obtusa, 62. 
sigma, 62. 
spectabilis, 62. 
tryblionella, 62. 

Hyalobryon, 75. 

Hyalodiseus, 77. 

Hyalosphenia cuneata, 77. 

papilio, 77. 

Hydrachnida, 112. : 

Hydrogen ion, variations in concen- 
tration in sea water, 413; rela- 
tion to abundance of diatoms, 
415, 445. : 

Hydrographie data and diatom popu- 
lation, 447, 448. 
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Inactis tinctoria, 36. 

Irish Sea, 429, 430. 

Jussiaea californica, 15. 

*“Kaiyo,’’? boat, 435. 

Keratella, 86, 102; eggs, 104. 

cochlearis, 100, 101, 102. 
quadrata, 100, 101, 102. 

Kings River, California, 8. 

Lacrymaria, 85. 

Lagerheimia wratislaviense, 46. 

La Jolla, California, 331, 370, 371, 
372, 374, 375, 376, 377, 417, 429, 
430, 445, 449. 

Lamellibranchs, 457, 458, 459, 462. 

Lauderia borealis, 338, 441. 

Lauterborniella elegantissima, 46. 

Lazier, E. L., 455. 

Lecane luna, 102. 

ungulata, 106. 
Lemna gibba (duckweed), 14. 
minor, 14. 

Lapadella ovalis, 106. 

Leptocylindrus danicus, 338, 340, 374, 
375. 

Licmophora lyngbyei, 338. 

Life Cycle of Oithona Nana Reared 
Experimentally, 449-454. 

Light, influence on plankton pulses, 
13, 115, 116, 118, 119, 121, 122, 
123, 124; in control of fungus 
growth, 449. 

Lignin, determination of, in wood 
digested by Teredo navalis, 389, 
390, 391, 392, 393, 394, 395, 397; 
determination of not affected by 
animal débris, 394. 

Literature cited on: plankton, 291- 
292; variation in mollusca, 318- 
319; marine phytoplankton, 347, 
378, 416, 433, 445; Teredinidae, 
368, 398-399, 409, 468; annelids, 
381. 

Lithodesmium undulatum, 338. 

Loxophyllum, 85. 

Lunar cycles in pulses of planktonts, 
115, 116, 117. 

Lyngbya, 38. 

McEwen, G. F., acknowledgment, 421, 
423. 

Mackerel, 336. 

Macrochaetus subquadratus, 106. 

Malacostraca, 111. 

Mallomonas, 71. 

Mare Island, California, locality for 
Teredo, 312, 408. 

Marsh, Dr. C. D., acknowledgment, 
5, 109. 

Martesia (borer), 463. 
Martinez, California, 
Teredo, 308. 

Mastigamoeba, 75. 

Mastigophora, 39, 46, 64, 65, 66, 67, 
74, 112, 116, 117, 119. 


locality for 
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Mastogloia, 61. 
braunii, 61. 
‘“Means of the ratio,’’ 421, 422, 423. 
Melosira, 338. 
erenulata, 62. 
distans, 62. 
granulata, 48, 50, 54, 56, 62, 98. 
subflexilis, 61. 
varians, 48, 56, 62. 

Merced River, California, 9. 

Merismopedium glaucus, 36. 

Mesodinium acarus, 85. 

Micrococcus, 34. 

Microcystis, 35, 36. 

Microgromia socialis, 77. 

Microsetella, 420. 

Migration, diurnal, of plankton, 431. 

Miller, R. C., 2938, 383, 401; acknowl- 
edgment, 456. 

Mission Bay (‘‘False Bay’’), Cali- 
fornia, locality for marine dia- 
toms, 413; area, depth and tidal 
flow, 414. 

Moberg, E. G., cited, 438. 

Moll, cited, 384. 

Mollusea, variation in, 316. 

Monostroma, 46. 

Monostyla cornuta, 106. 

lunaris, 106. 

Morphology of the Digestive Tract 
of Teredo navalis, 455. 

Mougeotia, 63. 

Murphy, Helen E., 449. 

Mya, 463. 

Mytilina mucronata, 106. 

Nais (?) sp., 112. 

Naples, locality for Teredo, 456. 

Nasturtium officinalis, 15. 

Nauplius, 110, 450, 451. 

Navicula, 450. 

affinis, 56. 
alpestris, 48, 56. 
ambigua, 62. 
bacillum, 48, 57. 
borealis, 62. 
eryptocephala, 62. 
didyma, 57. 
dubia, 57. 

fulva, 62. 

gracilis, 48, 57. 
helvetica, 61. 
iridis, 62. 
lanceolata, 61, 62. 
oblonga, 58, 61. 
parva, 62. 
pupula, 62. 
pusilla, 58, 61. 
pygmaea, 62. 
rhomboides, 58, 61. 
rhynchocephala, 62. 
smithii, 58, 61. 
viridis, 58, 62. 


Nebela collaris, 77. 
Nephrocytium agardhianum, 46. 
Niewendam, Netherlands, locality for 
Teredo, 366. 
Nitzschia, 338. 
acicularis, 48, 58. 
angularis, 58. 
closterium, 338. 
dubia, 61. 
gracilis, 61. 
pungens, 3388, 340, 341. 
seriata, 338, 340, 341, 345, 374, 375, 
440, 442. 
sigma, 58. 
sigmoidea, 58. 
vermicularis, 58, 62. 
Noctiluea miliaris, 344. 
Nostoe, 34, 37, 119. 
Notholea, egg, 106. 
longispina, 106. 
striata, 102. 
Notommata aurita, 106. 
Nuclearia simplex, 78. 
Oakland Harbor, California, 300, 312. 
Ocurrence of Marine Copepoda in the 
Plankton at La Jolla, California, 
417-433. 
Odontidium elongatum, 62. 
Oelosoma, sp., 112. 
Oikomonas, 75. 
Oithona, 420. 
nana, occurrence, 449; food, 450; 
stages of development, 451; diag- 
nostic characters, key, 453; re- 
sults of rearing experiments, 454. 
Oleum, California, 314, 315. 
Oligochaetes, 112. 
Oneaea, 420. 
Oneobyrsa rivularis, 38. 
On the Effect of Low Salinity on 
Teredo navalis, 349-368. 
Oseillatoria, 34, 37. 
formosa, 37. 
tenuis, 37. 
Ostracoda, 108. 
Oxytoxum scolopax, 344. 
Pandorina morum, 71. 
Paracalanus, 420. 
parvus, 429. 
Paramoecium aurelia, 82. 
bursaria, 82. 
caudatum, 82. 
Parasites (endoparasites) on marine 
plankton, 97. 
Paulsen, O., acknowledgment, 344. 
Pectinatella, 112. 
Pedalia mira, 106. 
Pediastrum, 38, 40. 
boryanum, 41. 
duplex, 42. 
simplex, 43. 
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Peridinium, 72. 
cerasus, 375. 
cinctum, 71. 
divergens, 344, 442. 
grani, 344. 
minutum, 375. 
ovatum, 442. 
pellucidum, 344. 
steinii, 442. 
Phacus longicauda, 75. 
pleuronectes, 72. 
Phalacroma rapa, 344. 
rudgei, 344. 
Pholas, 384, 463. 
Phormidium, 38. 
Photosynthesis, 334, 335; 
thetic assemblage, 377. 
Phytoplankton, marine, 
study of, 330, 345; 


photosyn- 


ecological 
locations, 


331, 413; components, 331, 332; 
statistical values, 332; relative 
abundance, 3382, 334; seasonal 


abundanee, 332; localized abun- 
ance, 333; collecting standards, 
345; water currents, influence on 
production, 345; rapid increase, 
345; occurrence in connection 
with copepoda, 429. 

Pier, at La Jolla, collections from, 
of phytoplankton, 330, 331, 370, 
376, 448; temperature, 331; totals. 
346, 347; of plankton, 417. 

Pinnularia acrosphaeria, 61. 

Pinole, California, locality for Teredo, 
315. 

‘¢Pioneer,’’ U. 8. S., 445, 448. 

Planarian, 112. 

Plankton, opportunities for develop- 
ment, 11; effect of mountain 
drainage and temperature, 12, 13, 
20, of light, 13; colleeting sta- 
tions, 15, 16, 417; methods of col- 
lection, 18, 377, 416; net, 19; 
count, 23; identification of forms, 
24; type distinction, 27; fresh- 
water types, 28, 29; major groups, 
30, 31, 32; animal, plant, 47; 
hourly series, San Joaquin plank- 
ton, 117; production factors, 120; 


physiology, determination of, 
122; reproduction, 122; river and 


sewage forms different, 124; au- 
tumnal maximum, 124; daily col- 
lections best, 124; effect of lunar 
light, 124; measured water method 
of collection, 377; principal food 
of Teredo, 395, 396, 397, 459, 
467; diurnal migration of, 431; 
importance of unbroken continu- 
ity of collections, 432; samples 
of, 445; seasonal changes in pro- 
duction of, localized swarms, 448. 
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Planktonts, by major groups, 31, 32, 
112, 113. 

Platydorina caudata, 72. 

Platyias quadricornis, 106. 

Pleodorina, 71. 

californica, 72. 
illinoisensis, 73. 

Pleurococcus, 46. 

Pleuronema, 82. 

Pleurostauron obtusum, 61. 

parvulum, 48, 59. 

Pleurotrocha petromyzon, 106. 

Ploima, 90, 91, 106, 112. 

Plumatella, 112. 

Podophrya, 85. 

Podoplia, 420, 426, 429. 

Point Hueneme, California, 369, 371, 
372, passim. 

Point Richmond, California, locality 
for Teredo, 315. 

Polyarthra trigla, 103, 104; eggs, 104. 

Polychaete, 382 

Polygonum amphibium, 15. 

Populus fremonti, 15. 

Port Costa, California, locality for 
Teredo, 308, 312. 

Prorocentrum micans, 344, 845, 375, 
376, 442. 

Prorodon, 82. 

Protozoa, 29, 32, 33, 66, 79, 114, 116, 
117, 119, 450. 

Pseudodifflugia gracilis, 77. 

Pteromonas, 73. 

Ptygura brevis, 87. 

Puget Sound, 442. 

Pulses, vernal and autumnal, 26; re- 
current, 39, 43, 47, 100, 102, 103, 
IEE alls monthly, 45; of phyto- 
plankton, 332, 333, 337, 345, 372. 

Pyrocystis lunula, 344. 

Pyxidium cothurnoides, 85. 

Quadrula symmetrica, 77. 

Quantitative and Statistical Study of 
the Plankton of the San Joaquin 
River and Its Tributaries in and 
near Stockton, California, in 
1913, 1-292. 

Quantitative Studies on Inshore Ma- 
rine Diatoms and Dinoflagellates 
of Southern California in 1920, 
369-378. 

Quantitative Studies on Marine Phy- 
toplankton at La Jolla in 1919, 
329-347. 

Ranuneulus aquatilis, 15. 

Raphidiophrys elegans, 79. 

Raphidium, 40. 

polymorphum, 44. 
“Ratio of the Means,’’ 421, 422, 423. 
Rattulus capucinus, 105. 

gracilis, 105. 
Rhabdostyla brevipes, 85. 
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Rhinoglena frontalis, 106. 

Rhizopoda, 75, 78, 112. 

Rhizosolenia alata, 338. 

faeroensis, 338. 
hebetata, 338. 
longiseta, 61. 
obtusa, 338. 
robusta, 338. 
setigera, 338. 
styliformis, 338. 
Rhizota, 87, 112. 
Rhopalodia gibba, 61. 
paralella, 61. 
Richteriella, 40. 
botryoides, 44. 

Ritter, Dr. Wm. E., 330. 

Rivularia, 38. 

Rotaria neptunia, 88. 

rotatoria, 86, 88, 89. 

Rotifera, 29, 32, 86, 114, 116, 117, 
120, 332; eggs, 104. 

Rumex salicifolius, 15. 

Sagittaria, 14. 

greggii, 14. 
latifolia, 14. 
sanfordii, 14. 

Salinity, 21; factor in growth of 
Teredo, 298, 299, 307, 315, 317, 
350, 351; comparison with points 
in and near Holland, 350, 365- 
366; measurement of, 351-352; 
effect on activity of Teredo, 353, 
367; ‘‘lethal salinity,’’ 357, 367. 

Salix fluviatilis, 15. 

lasiolepis, 15. 
nigra, 15. 

Salpingoeca, 75. 

San Clemente Island, 448. 

San Diego, California, 342,379, 445b ; 
Marine Biological Station, 330. 

San Francisco Bay, survey of, 4, 5; 
salinity of, 299, 302; locality for 
Teredo navalis, 300, 301, 306, 
313, 317, 350, 401, 408, 455; tem- 
perature range of, 304. 

San Francisco Bay Marine Piling 
Committee, acknowledgment, 294, 
351, 387, 397, 456. 

San Joaquin River, survey of plank- 
ton in, 4; characteristics of, 6; 
drainage area, 7; important tribu- 
taries of, 8; turbidity of, 10; 
eonditions near Stockton, 11; 
light, 13; tide, 14; vegetation, 
14; plankton collecting stations, 
15, 16; plankton organisms in, 
27; comparison with Illinois 
forms, 32; waters productive of 
plankton, 124; locality for Teredo 
navalis, 350. 

San Joaquin Valley, forest areas, 8; 
rainfall, 8; air currents, 13. 


San Pablo Bay, 301; locality for 
Teredo, 318, 350, 408; Point, 301, 
315. 

Saxicava, 384. 

Scenedesmus, 30, 38, 39, 40. 

obliquus, 44. 
quadricauda, 45. 

Schizophyceae, 34, 35, 46, 112, 119. 

Schmitt, Waldo K., acknowledgment, 
5. 

Seripps Institution for Biological Re- 
search, codperation with other 
scientific organizations, 330, 331, 
369, 376, 413, 417, 445, 449. 

Schroederia, 40. 

setigera, 45. 

Scirpus lacustris, 15. 

Scirtopoda, 106. 

Sedgwick-Rafter cell, 23. 

Selenastrum bibrainum, 46. 

Shells, of Teredo navalis, ridges, 296, 
297, 298, 306; variations in auricle 
of, 301, 309; surface sculpture 
of, 311; color, 312. 

Sida, sp., 108. 

Silt, 10, 11, 13, 22, 25. 

Skeletonema costatum, 338, 341, 374, 
441. 

Some Tide Water Collections of Ma- 
rine Diatoms Taken at Half-hour 
Intervals near San Diego, Cali- 
fornia, 413-416. 

Sorastrum spinulosum, 46. 

Sphaerophrya, 85. 

Sphaerozosma vertebratum, 64. 

Sphinectocystis librilis, 62. 

Spirillum undula, 34. 

Spirogyra, 62. 

fluviatilis, 64. 
majuscula, 64. 
protecta, 63. 

Spirostomum, 85. 

Spondylomorum quaternarium, 73. 

Spondylosium depressum, 64. 

Stanislaus River, California, 10. 

Statistical Studies of Marine Dia- 
toms of the San Diego Region 
Collected by U.S.S. Pioneer in 
Midwinter, 1923, 445-448. 

Staurastrum, 63, 64. 

alternans, 64. 
euspidatum, 64. 
eustephanum, 64. 
macrocercum, 64. 
vestitum, 64. 

Stauroneis anceps, 62. 

phoenicenteron, 59, 62. 
Stentor coeruleus, 83. 

niger, 83. 

roeselii, 83. 
Stephanodiscus, 61. 
Stephanopyxis palmeriana, 338. 
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Stigeroclonium, 46. 

Stigonema, 38. 

Stockton, California, 6; location, 7. 

Studies on Marine Diatoms and Dino- 
flagellates Caught by Aid of the 
Kofoid Bucket in 1922, 435-445. 

Stylarioides flabellata, 381. 

papillosa, description, 379-381. 
plumosa, 381. 

Stylarioides papillosa Sp. Nov., a 
New Annelid from the San Diego 
Region, 379-381. 

Suctoria, 85, 112. 

Suisun Bay, California, 301. 

Sumner, Dr. F. B., 5. 

Surirella, 48, 59, 338. 

biseriata, 62. 
ovalis, 62. 
robusta, 62. 
spiralis, 61, 62. 

Symplocastrum, 38. 

Synchaeta, 104. 

pectinata, 105. 
stylata, 105. 
tremula, 105. 
Synerypta, 75. 
Synedra acus, 62. 
capitata, 62. 
radians, 48, 59, 62. 
ulna, 48, 60, 62. 
Synura, 30. 
uvella, 73. 
Tabellaria, 60. 
fenestrata, 60, 62. 
flocculosa, 60. 

Taylor, C. V., acknowledgment, 456. 

Temora longicornis, 429. 

Temperature, factor of plankton pro- 
duction, 12, 13, 20, 45, 47, 48, 50, 
Gale lee alone alos} Talib abkes alaleys 
120, passim; affecting Teredo, 
298, 304, 307, 317; solar influence 
on in shallow water, 415. 

Teredinidae, 402, 457, 467. 

Teredo beachi, 313, 314, 316, 317, 408, 
455. 

beaufortana, 401, 408, 456; pallets 
of, 407. 

deshayii, 455. 

diegensis, 350, 408. 

dilatata, 456. 

fatalis, 455 

morsei, pallets of, 407, 408. 

norvegica, 358, 386. 

novangliae, pallets of, 407, 408. 

townsendi, 408. 

Teredo navalis, identification, 294; 
shell, 295, 296 (terminology), 
317; number of ridges on, as 
records, 297-300, variation in 
number of, 306; effects of eco- 
logical conditions, 298, 301, 306, 
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311, 404-406; variability, 301, 
309, 311, 312, 313, 408; effect 
of sewage, 304; behavior in low 
salinity, 353-356, 367; death 
point, 357; self-protection, 358, 
367; factors limiting protection, 
359-362; ‘‘lethal stretch,’’ 364— 
366, 367; recuperation, 366, 367; 
use of wood as food, 384, 385, 
395, 396; biological, physiological, 
and chemical considerations, 384— 
385, 386, 466; analysis of borings 
(tables), 8387-395; principal food 
of, 395, 396; absorption of toxic 
substances, 396, 397. 
Morphology: digestive tract, 385, 
455, 467; pallets, 401-406; di- 
gestive system, 457; mouth, 
457, 467; ciliary mechanism, 
458, 467; branchial groove, 
458; anterior gills, 458; oeso- 
phagus, 459; stomach, 459, 460, 
461, 462, 467; digestive glands, 
livers, 459, 460, 467; caecum, 
460, 461, 463, 466, 467; caecal 
artery, 461; sac of crystalline 
style, 461, 462, 463, 467; gas- 
tric shield, 462; siphon, 462; 
lateral pouch, 463; gastro-in- 
testinal typhlosole, 463; gas- 


tric typhlosole, 464; coiled 
typhlosole of the intestine, 
465, 467. 


Tetrastrum, 46. 
Thalassiosira baltica, 338, 374, 375. 


subtilis?, 441. 


Thalassiothrix, 450. 


acuta, 441. 
longissima, 338. 
nitzschiodes, 338. 


Tiburon, California, salinities at, 304. 
Tides (tidal currents), influence on 


plankton, 14, 16, 117, 118, 120, 
123, 124, 345, 415. 


Tintinnidium, 119. 


fluviatile, 84. 


Tow-net catches, of phytoplankton, 


330. 


Trachelius ovum, 85. 
Trachelomonas, 119. 


euchlora, 74. 
volgensis, 74. 
volvocina, 74. 


Trichocerea, endoparasitized, 106. 


capucina, 105. 
iernis, 105. 


Trichodina pediculus, 84. 
Trichotria curta, 106. 

Trieste, locality for Teredo, 456. 
Trinema enchelys, 77. 
Tuolumne River, California, 9. 
Typha latifolia, 14. 
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Ulothrix, 46. 

United States Coast and Geodetic 
Survey, codperation with other 
scientific organizations, 445. 

Urocentrum turbo, 85. 

Uroglena volvox, 75. 

Urtica holosericea, 14. 

U. S. Bureau of Fisheries, 4, 5. 

Vampyrella, 78, 79. 

Variations in the Pallets of Teredo 
navalis in San Francisco Bay, 
401-414. 

Variations in the Shell of Teredo 
navalis in San Francisco Bay, 
293-328. 

Volumetric data, 
117, 124, 447. 

Volvox aureus, 74. 

globator, 74. 


22, 26, 47, 51, 114, 


Vorticella, 39, 84, 119. 
longifilum, 84. 

Vrolik, cited, 350, 366. 

Wood, utilized as food by Teredo 
navalis, 384, 385, by termites, 
wood-boring beetles, and snails, 
385; chemical considerations, 386 ; 
analysis after digestion, 388- 
392; tables of, 390-391; role of, 
in diet of Teredo, 395, 396, 397; 
protection of, against Teredo at- 
tack, 396, 397. 

Xanthidium, 64. 

Xylotrya gouldi, 456. 

Zirphaea, 384. 

Zooplanktonts, 29, 47, 452, 454. 

Zuider Zee, 350, 365. 

Zygnema, 64. 
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7 figures in text. 

Endamoeba dysenteriae in the Lymph Glands of Man in Hodgkin’s Disease, 
by Charles A. Kofoid, Luther M. Boyers, M.D., and Olive Swezy. Pp. 309- 
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sitic in Wood-eating Termites, by Olive Swezy. Pp. 391-400, 14 figs. in 
TOXT: CAN EUSt LOS ee ee ec ena A LE NTs 1 
Methods of Obtaining Amoeba-free Rats for Experimental Infection with 
Intestinal Amoebae, by John F. Kessel, Pp. 401-408. 
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Morphology and Binary Fission of Menoidiwm incurvum (Fres.) Klebs, 
by Richard P. Hall. Pp. 447-476, plates 40-41, 2 figures in text. Novem- 
BPs yng RY) ula Reseed ae een A ten Aslan Cae Nae. NE ie, A RRA ah eT a a Pg 
A Skin Reaction to Extracts of Leishmania tropica and Leishmania in- 
fantum, by Edna Hannibal Wagener. Pp. 477-488, plate 42, December, 
FRE Gah Ren Rai: A ea SA Sy tn a Cn a OR ol a 3 PR EL 
The Distinguishing Characteristics of the Parasitic Amoebae of Culture 
Rats and Mice, by John F. Kessel. Pp. 489-544, plates 43-48, 3 figures 
in "text. Febrilaryy) 1024 8 2 ree PS Ca a Pa a See ea ek 
A Revision of the Microtus californicus Group of Meadow Mice, by Reming- 
ton Kellogg. Pp. 1-42, 1 figure in text. December, 1918 ~......00202202.. 
Five New Five-toed Kangaroo Rats from California, by Joseph Grinnell. 
Pp, AS—2 7. | Mares: 1919 oer te cece pe | act ee 
Notes on the Natural History of the Bushy-tailed Wood Rats of California, 
by Joseph Dixon. Pp. 49-74, plates 1-3, 3 figures in text. December, 1919 
Revision of the Avian Genus Passerella, with Special Reference to the Dis- 
tribution and Migration of the Races in California, by H. 8S. Swarth. Pp. 
75-224, plates 4-7, 30 figures in text. September, 1920 ..._... 22... 
A Study of the California Jumping Mice of the Genus Zapus, by A. Brazier 
Howell. Pp. 225-238, 1 figure in text. May, 1920 —220.n.. sence me 
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6. Two New Rodents (Genera Thomomys and Marmota) from the Eastern 
Border of California, by Joseph Grinnell. Pp. 239-244, 6 figures in text. 
Novermben, (1920 5h a a ieee Os A SN ee a ae 

7. A Study of the Californian Forms of the Microtus montanus Group of 
Meadow Mice, by Remington Kellogg. Pp. 245-274, 25 figures in text. 

8. A Synopsis of the, Microtus mordaxz Group of Meadow Mice in California, 
by Remington Kellogg. Pp, 275-202, plate 8, 29 figures in text. 

Nos. 7 and ‘8 in ‘one ‘cover,, » April, 1922)00 0 

9, Behavior of the Leaf-nosed Snake, Phyllorhunchus decurtatus, by Sarah 
Rogers Atsatt. Pp. 303-312. February, 1923 2.0.00 

10. A Systematic List of the Mammals of California, by Joseph Grinnell. 
Pp. 318-324: January, 1923.00 kh a a I ge 
11. The Systematic Status of the Mountain Lion of California, by Joseph 
Grinnell and Joseph Dixon. Pp. 325-332, plates 9-10. April, 1923........ 1 
12, New Subspecies of Birds from Patagonia, by Alexander Wetmore. Pp. 
Soars Foy DUBE, LOZ re rs Tc Ee I a Oe a oe Mk Ld 
18, Revision of the Genus Lynx in California, by Joseph Grinnell and Joseph 
Dixon. Pp. 339-354, plate 11, 1 figure in text.. January, 1924 202... 


Vol. 22.1. A Quantitative and Statistical Study of the Plankton of the San Joaquin 


River and Its Tributaries in and near Stockton, California, in 1913, by 
Winfred Emory Allen. Pp. 1-292, plates 1-12, 1 figure in text, June, 1920. 
2. Variations in the Shell of Teredo navalis in San Francisco Bay, by Robert 
Cunningham Miller. Pp. 293-328, plates 13-17, 6 figures in text. Novem- 
4 Tht 7247 Gs LUG enn cine MMe Race PANT AMR I OS OL: Sloe Sak CR BE” SSA IP Laat / 
8. Quantitative Studies on Marine Phytoplankton at La Jolla in 1919, by 
Winfred Emory Allen. Pp. 329-347, 2 figures in text. November, 1922 
4. On the Effect of Low Salinity on Teredo navalis, by Harold Francis Blum. 
Pp. 349-368, 4 figures in text. December, 1922 0-0... 
5. Quantitative Studies on Inshore Marine Diatoms and Dinoflagellates of 
Southern California in 1920, by Winfred Emory Allen. Pp. 869-378, 
1 figure in text. 
6. Stylarioides papillosa, sp. nov., a New Annelid from the San Diego Region, 
by Christine E. Essenberg. Pp. 379-381, 8 figures in text. 
Nos. 5 and 6 in one cover. December, 1922-2022... le 
7. The Digestion of Wood by Teredo navalis, by Walter H. Dore and Robert 
C. Miller, Pp. 383-400, plate 18. February, 1923 ~020.02 
8. Variations in the Pallets of T'ercdo navalis in San Francisco Bay, by Robert 
Cunningham Miller. Pp. 401-414, plates 19-20. February, 1923 ............ 
9. Some Tide-Water Collections of Marine Diatoms taken at Half-Hour Inter- 
vals near San Diego, California, by Winfred E. Allen. Pp, 413-416, 
1 eure in-text...) June, 1928 0k ed ee a ee ee 
10. Preliminary Statistical Report on the Occurrence of Marine Copepoda in 
the Plankton at La Jolla, California, by Calvin O. Esterly. Pp. 417-433. 
UNG TOAS LeU Cte ao a A SN en ha cies ge Spa a J ee 
11. Studies. on Marine Diatoms and Dinoflagellates Caught by Aid of the 
Kofoid Bucket in 1922, by Winfred Emory Allen. Pp, 435-445, 5 figures 
in text, October; 1929711) ose ois sien TES, A ee ee te ae 
12. Statistical Studies of Marine Diatoms of the San Diego Region Collected 
by U.S.S. Pioneer in Midwinter of 1923, by Winfred Emory Allen. Pp. 
445-448): November! 1923). 12 len Lit 2 ae ee ae 
18. Life Cycle of Oithona nana Reared Experimentally, by Helen E. Murphy. 
Pp. 449-454, 5 figures in text. November, 1928 ....-022-. jie 
14. Morphology of the Digestive Tract of Teredo navalis, by Edgar Locke 
Lazier. Pp. 455-474, plates, 21-24. February, 1924. 2.00000 
The Marine Decapod Crustacea of California, by Waldo L. Schmitt. Pp. 
1-470, plates 1-50, 165 figures in text. May, 1921 20002... ance 


VoL24. LA Geographical Study of the Kangaroo Rats of Oalifornia, by Joseph 


Grinnell. Pp. 1-124, plates 1-7, 24 figures in text. June, 1922... 20... 
2. Birds and Mammals of. the Stikine River Region of Northern British 
Columbia and Southeastern Alaska, by H. 8. Swarth. Pp. 125-314, plate 
8/54 figures in text.) Sune) 1922 sil sk Bo ee a ude Uae 
8. Birds and Mammals of the Skeena River Region of Northern British 
Columbia, by Harry 8. Swarth. Pp. 315-394, plates 9-11, 1 figure in text. 
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Vol. 25, A ‘Bibiiography of Eugenics, by Samuel J. Holmes. Pp. 1-514. January, 1924 
Vol 26. 1. On the Family of Achiridae or Broad-Soles, with description of a new 
species, Achirus barnharti, from California, by David Starr Jordan. 


‘Pp: 214,” plate | 1:3)\December,) 1023 chu on Sere TN a nea ae 
2. A Precipitin Test in Experimental Amoebic Dysentery in Cats, by Edna 
Hannibal Wagener. Pp. 15-20, plate 2. January; 1924 _20 Lk. 

3. On the Distinctions between Endamoeba coli and Couneilmania lafleuri, by 
Charles A. Kofoid, Olive Swezy, and John F. Kessel. Pp. 21-39, 24 
firnres' in text... January, 19242 oc ce test ey he ee eee 
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